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Figs 65 and 66 — Passive aid to flexion, increased 


range. 




Figs 6j and 64— Passive aid to flesion, limited range. 
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Figs 69 and 70. — Passive aid in flexion. 
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knee is flexed rhythmically, adding weight to the corrective influence 
of the traction. To these exercises may be added the asymmetric use 
of any of the general muscle-training exercises outlined in A and B. 

Passive manipulative procedures. — For the sake of simplicity 
the numerous mechanical devices for exerting forcible traction and 
passive movement will not be enumerated. They are all based upon the 
effort to secure hold upon the trunk by fixation of the pelvis and by 
utilizing the upper extremities and thorax to apply pull, rotation, and 
corrective flexion. It is doubtful if complicated apparatus iidll retain a 



Fic 73— Pas$i%T aid in rotation 

place in this field, and it certainly never vdll assume the place of the 
well-trained, devoted physical therapist ivho intelligently applies the 
simpler procedures above outlined After all, the present knowledge of 
the subject eliminates the urge forcibly to unbend and untwist a scoli- 
otic curve, and it is apparent that the desideratum, i.e., the compensa- 
lion, can be secured without it and that nothing else can be secured 
'^ith It, Moreover, rapid forcible correction is utterly out of the ques- 
'^^''.t^^r^cfore all that can be exp^ted of apparatus is to spare the 
P ysical labor of the physical therapist. Every movement tending to act 
m a direction opposite to the tendency of the deformity, whether active 
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A similar influence is exerted by the standing suspension and abduc- 
tion exercises (Fig. 84). The left hand grasps the bar in a manner to 
extend the scoliotic curve by traction while the right lower extremity, 
aided by the right hand which depresses the right shoulder, h gradu- 
ally and rhythmically abducted. Thus the right shoulder and the lower 
extremity are approximated, and while they are in this position the left 


l.fiR 



Fic. 7X.— Passive aid In extension. 



Ftr 73 — Passive aid in bteni flexion and cjfcnjion 





Treatment 


Chapter 171 AT 
Volume nJ 

consists merely of a hinged table in which the point of bending may 
be used as a fulcrum at the summit of the primary curve with the 
patient keeping ktmseif In traction by koJding on mth his hands. 

The model used for this series of exercises (B, C, D) was subjected 
to the routine of decompensated scoliosis, viz,, recumbent traction; 
mobilization; corrective exercises B, C, and D; the shift plaster spica 
(Figs. 91 and 92); a brace; and indefinite continuation of the asym- 
metric muscle-training and shift exercises. Compensation has been 
attained to the degree showm in Figures 93 and 94, and will gradually 
increase. The regime must be continued until the spinal structures 
mature. 

It is justifiable when in doubt as to the necessity of apparatus or 
of head and pelvic traction to attempt the use of physical therapy 
alone and to observe the course, for there are severely decompensated 



Fio 76 — Shifting exercise. Movement Ko i 
tic 77 — Shifting exercise. MovemeDt No. 2 
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or passive, is capable of oft-repeated exertion by the patient and the 
therapist if there is mutual understanding of the aim. 

The simplest and most effective measures of passive ministration 
are head and pelvic traction in recumbency, the shift plaster described, 
and suspension of the patient by the arms and head. Voluntary stretch- 
ing while suspended on the rings is illustrated in Figures 85 and 86. 
The patient hangs on the rings and by rhythmic movements in the 
position shown in Figure 86, stretches the concave side of the curve 
and contracts the opposite. This may be supplemented by passive 
application of gravitational traction in the Sayre device (Figs. 87 and 
88). These same principles are applicable by means of apparatus 
counterbalanced by weights, in which the efforts of the operator are 
exerted with less work, such as the device in Figures 89 and 90, which 




Treatment wnme iil '^9 

curves that respond readily without the tedium of the longer routine. 
Such an instance is well illustrated in Figures 95 and 96, which depict 
severe imbalance and list and no effort at compensation. The patient 
possesses excellent musculature throughout; the capacity to shift is 
shown in Figure 97, and with no other treatment than physical therapy 
she has attained correction of balance as indicated in Figures 98 
and 99. 



Figs. 81 and 82 — Creeping exercises 


The patient must be impressed with the necessity of indefinite con- 
of observation and physical therapeutic work at home. 

The mere presence of deformity must not lead the surgeon or 
into treatment of a stationary curve. Figures 100 and 101 
exhibit extreme deformity which, without treatment other than a brace 
maintains equilibrium and compensation and hence should not be 
interfered with. The patient was not seen for two years, when he 
muTtiea improved (Figs. 102 and 103). 
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structure directly by operation. The maximum correction of the pri- 
mary curve and the creation of the secondar>' curves having been at- 
tained through the measures hitherto described, the bony structures of 
the spine are exposed and, by operative measures, converted into a 
rigid segment, either by a bone graft or by plastic bone operation upon 
the vertebrae. Details of the procedure may be found in standard 
works or orthopedic surgery. An instance is illustrated in Figures 109- 



Fic 84 — Suspension and abduction exercise. 


112 wherein, in the presence of extreme tendency to decompensation, 
tne spine was fused surpcally from the sixth dorsal to the second lum- 
resulting maintenance of stability and alignment. In 
ims field, however, disappointments and relapses in loss of equilibrium 
^ operative treatment are not uncommon. 

In Figures 38 to 88 inclusive the seemingly remarkable degree of 
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Furthermore, enthusiasm for physical therapeutic measures should 
not lead the therapist to ignore the effectiveness of measures of ex- 
ternal support. Indicative of this feature is a case of spastic dystonic 
scoliosis of severe degree (Fig. 104) made worse by any active or 
passive measures of physical therapy. When held in plaster for months 
(Figs 105 and 106), and later in a brace, the scoliosis subsided with 
decrease in the intensity of muscle hypcrtonicity to the degree shown in 



Fic 83 — Asymmetric lateral flexion aided by voluntary passive stretching. 

Figures ro, and loS. If the patient had not been supported arlificiajly, 
this curve would have become irretrievably fixed in decompensa i * 
Occasionally experience may convince one of the advisabui y 
making the spine stiff by “splinting from within.” In other words, tne 
extrinsic elements upon which reliance must be placed to ' 

pensalion are undependable This having been determined ‘ , i 
delicate determination!, it becomes necessary to attack the skeieia 



Dorsum Rotundum 
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The impressions given herewith are based upon the writer’s experi- 
ence with approximately 175 cases of scoliosis in the last ten years, but 
they have originated largely in the substantial contributions to the 
literature on this subject by R. W. Lovett,- Arthur Steindler,® W. 
Schulthess,* and others from whose writings I have borrowed. 



Fics S7 and 88 — ^Passive vertical traction 


Dorsum Rotundum (Round Back) 

The deformity of the spine incidental to loss of stability from any 
^use may be confined to anteroposterior deviations. In other words 
there is no lateral curve or torsion. - ’ 

Any factor causing loss of tonicity of the general musculature or 
softening of the osseous or cartilaginous structures of the spine tends 
to result in longitudinal collapse which is followed by pathologic 
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passive correction of scoliosis by means of vertical traction has been 
disclosed, and one is impressed by the fact that if such a degree of 
corrective influence could be perpetually exerted, the outlook in gen- 
eral would be better. This impression has been corroborated in my 
experience with those who, because of paralysis of the lower extrem- 
ities, have been obliged to use crutches to such a degree that one 
might be tempted to designate crutches as one of the most effective 
means of treating this complex and intractable deformity (Figs. 113, 
114, and us). 

Conclusion. — In conclusion, one must not at best regard the pros- 
pect in scoliosis with optimism. It is a field which requires all the 
ingenuity of the surgeon and the physical therapist and is fraught 
with many disappointments. In it more than in any other field, per- 
haps, are teamwork, patience, and pertinacity essential. 



Fig S 5 — Passive Noluntary strelching on rinRS. 

Fig 36 — Passne voluntary stretching suspended by the rinss 


Dorsum Rotundum 
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increase in the physiologic curves. Depending upon the nature of the 
underlying pathology, the length of time inflicted, and the treatment 
accorded, the exaggerated cur\’es become more or less fixed. This 
deformity varies in degree from mild postural relaxation which is 
readily passively corrected to the great rigid round back of chronic 
arthritis. In the aged the thinning of the intervertebral discs creates 
the general forward-bent spine. 

Since the treatment of postural deformities is found elsewhere, I 
confine the present discussion to round back in children, due to changes 
in the osseoca^tilag^nous structures. Such changes are in the nature of 
malacic phenomena secondary to either general or local factors. More- 
over, the changes may be general throughout the spine or limited to 
certain areas thereof. 



Fig 91 — Model after application of shift plaster spica 
Fio 02 — Posterior view of same. 
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2. Limited portion of the spine 

a. Localized epiph3rsitis 

b. Localized arthritis 

c. Localized trauma (fracture) 



Fic 95 — Decompensation, lumbodorsal right slniclural scoliosis. 
Fic 96 — ^Same as Fig 95, flcTcd 
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Etiology. — ^The etiology of Axed round back may be summarized as 
follows: 

I. Malformation of vertebrae or cartilages due to: 

a. General skeletal disease 

1. Rickets 

2. Chondrodystrophy 

3. Osteomalacia 

b. Skeletal disease affecting the spine alone 
I. The entire spine 

a. Osteochondritis 

b. Arthritis 

c. Absorption of cartilage in the aged 



Fic Q3 — Model one year after bejrinning treatment. Acquisition of and 

maintenance therapy 

Fic 04 —Same as F12 03, flexed 
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Moreover, the general symmetrical exercises for trunk and spinal 
musculature should be instituted as early as the cooperation ol the 
patient can be secured. 

At a later period in life, i.e., in the second decade, most commonly 
in girls at the age of 14 to 17, there occurs the common form of 
“round shoulders” or round back, the result of asthenia of any form 
and static in origin. It may be readily corrected passively and the 
treatment consists of posture training, symmetrical muscle training, 
and, in intractable types, of a brace, as described under “Scoliosis” 
(Fig. 33). In those in whom forward rotation of the shoulders appears 
to be the chief element of deformity, a simple shoulder strap may 
suffice (Fig. 116). The outlook in the static form, if exercises and 
training are persistent, is good for the ultimate correction of the 
tendency. 



Dorsum Rotundum 
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d. Tuberculosis 

e. Congenital malformation of the vertebrae 

In infancy there is little or no physiologic lordosis in the lumbar 
region. This is acquired gradually, as sitting up is acquired, and is 
increased upon standing and walking. But in infancy, if the child is 
rachitic or if there is general muscular atony, the back is inclined to 
assume an attitude of general backward curve; in other words, the 
whole trunk has “slumped” forward. To prevent such a deformity 
from becoming confirmed, it is better to discourage sitting until gen- 
eral rachitic treatment has improved the underlying factor. In such 
cases a light corset reenforced posteriorly to support the usually 
pendulous abdomen and to maintain the spine erect should be worn, 
and upon walking the light brace illustrated in the section on scoliosis 
(Figs. 32 and 33) should be utiHaed. 



Fic 97— Same as Fii; g5, shiftins 

Fic qS — Realigned and compensated by physical therapy alone. 
Fig 09— Sartc as Fig gS, flcwd 
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chest is deep, but the muscles are strong and no disability results; 
in girls more often the patient becomes asthenic and goes through life 
in semi-invalidism, when untreated. 

This entity is evidently the result of an atypical or pathologic 
process of ossification of the epiphyses of the bodies of the vertebrae. 
In the growth of the longitudinal thickness of each vertebra there ap- 
pears at the upper and lower articular surfaces a disc of bony ossifi- 
cation which is first noted at the age of 13 or 14- This disc gradually 
increases in thickness and unites when the individual is at the age of 



Fic. 104 — Scoliosis due to d>stQnia icusculorum 


22 or 23 or when the body completes its growth In those children 
developing the above-described deformity, these discs become irregular 
and sometimes fragmented, suggesting the nature of the changes seen 
grooving femoral capital epiphyses in Legg’s (Perthes') disease 
and the carpal navicular in Koehler’s disease. Even untreated ossifica- 
ultimately completed, but the result is the unalter- 
ably fixed round back. Early in the disease there is sufficient resiliency 
to enable correction, which, however, becomes progressively more re- 
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Dorsum Rotundum 


Much more difficult is the dorsum rotundum in children of this 
same age which has as its origin a disorder of the growth of the ver- 
tebrae. The back gradually and painlessly assumes the attitude of 
excessive convexity of the dorsal spine and this convexity is fixed, 
i.e., cannot be passively or actively corrected. The head is thrust 
forward and in a compensatory effort to maintain balance the lumbar 
curve becomes accentuated. Thus there is the picture of round back 
above and “sway back” or hollow back below (Figs. 117 and 118). 
The shoulders are narrow and the abdomen sags. Thus there is assumed 
the “habitus ptoticus” with flattening of the chest, descent of the 
diaphragm, limitation of respiratory excursion, and abdominal visceral 
ptosis with its train of disorders. Not uncommonly, in boys the dis- 
order becomes arrested; the back remains round and fixed and the 



Fic 102 — Same as Fig loo After 3 years with brace only Compensated ^ 
or no treatment 

Fig loji — Same as Fig 102, flexed 


Treatment 


c. Later muscle training 

d. General treatment of underlying cause 

e. Radiation, violet rays 
2. In adolescence: 

Congenital 

Static 

Postural 

a. Symmetrical muscle training 

b. Swimming 

c. Corset, brace, or shoulder straps 
Osteochondritic 

a. Same as a, b, and c under “r” 

b. Recumbency and traction, if needed 

c. Special passive and active exercises 
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sistant with time. It would appear that this pathology may be rather 
acute in its onset, causing pain in the back, fatigue on little exertion, 
and sometimes pain on movement, and it may thus be confused with 
early tuberculosis or other disease. On the other hand, it may be of 
such gradual development as to be unnoticed except for the deformity. 
Moreover, it may be diffuse, affecting all the spinal elements, or it may 
be localized in two or three vertebrae. In the former deformity will be 
general; in the latter it may be angular to the degree of localized 
gibbus. 

'Treatment. — This may be epitomized as follows: 

I. In infancy: 

Rachitic 

Amyotonic 

a. Recumbency 

b. Corset supports 



Figs ids and io6— Same as Fijj 104, in plasler 
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Recumbency and traction having corrected the deformity, the prob- 
lem is to maintain it. This is accomplished by braces of the types 
illustrated (Figs. 32-33). 

Muscle Training. — In the case without pain, which is the usual 
type, the treatment consists of general muscle training of spine and 
trunk and special active and passive corrective procedures. The regime 
is directed toward the reestablishment of general muscle tone, and 
hence support; passive correction of the posterior convexity of the 
dorsal spine and anterior convexity of the lumbar spine, and inci- 
dentally retraction of the abdomen; and elevation of the diaphragm 
and expansion of the chest. The passive corrective procedures are 
really applied under the physical therapist’s direction by the patient 
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3. In adults: 

Arthritic 

Traumatic 

a. Recumbency in Bradford frame, plaster dressing, traction 

b. Brace 

c. After quiescence, heat, massage, muscle training 

Tuberculosis and other infections causing deformity are discussed 
elsewhere. Hereivith is treated only the dorsum rotundum of ado- 
lescence due to vertebral disorder of growth referred to above. The 
principles are the same as in any anteroposterior deformity of the 



Fic X13 — Markfd attiludinal and paralytic scoliosis. 
Fic. 114 — Same 35 Fig 113, from behind 


spine. First of all, if pain is present, all procedures involving move- 
ment, mther active or passive, are contraindicated. Second, if pai^ *5 
absent but is caused by movement, the latter is contraindicated. Third, 
II pain IS absent on active or passive movement, then movements both 
active and passive are essential in the treatment. 

^cuMBENCY AND Traction. — I n the presence of round back with 
pain, tendern^s, or instability, primary treatment consists of recum- 
bency on the Bradford frame with head and pelvic traction (Fig. Alh 
Thus can deformity be gradually and painlessly corrected, and qm* 
escence of the painful element can be encouraged. 
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himself and are therefore not purely passive but are the more effective 
for that reason. The useful procedures for the purpose are as follows: 

1. Direct Vertical Traction on the Rings, Accompanied by Swing- 
ing. This elevates the shoulders, flattens the abdomen, pulls upon the 
chest wall through the thoracicohumeral musculature, and tends to 
exert traction on the round back (Fig. 119). 

2. Standing Backward Shoulder Stretching. The patient, standing 
in a corner with hands applied to .walls, bends forward and pushes 
forward with lower extremities. -This pushes the shoulders backward 
upon the thorax and e.xpands the chest anteriorly (Figs. 120 and 121). 

'3. Recumbent Stretching on Roll under Round Back. A thick felt 
pad or roll is placed beneath the dorsal spine with arms behind ,the 
head. Arms and head above and trunk below exert leverage upon the 
dorsum rotundum as the fulcrum (Fig. 122). 
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himself and are therefore not purely passive but are the more effective 
for that reason. The useful procedures for the purpose are as follows: 

1. Direct Vertical Traction on the Rings, Accompanied by Swing' 
ing. This elevates the shoulders, flattens the abdomen, pulls upon the 
chest wall through the thoracicohumeral musculature, and tends to 
exert traction on the round back (Fig. 119). 

2. Standing Backward Shoulder Stretching. The patient, standing 
in a corner with hands applied to.ivalls, bends forward and pushes 
forward with lower extremities. -This pushes the shoulders backward 
upon the thorax and expands the chest anteriorly (Figs. 120 and 121). 

3. Recumbent Stretching on Roll under Rojtnd Back. A thick felt 
pad or roll is placed beneath the dorsal spine with arms behind the 
head. Arms and head above and trunk below exert leverage upon the 
dorsum rotundum as the fulcrum (Fig. 122). 



Fig 119 — Round back CTcrcises Banging and swineins on 
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4, Abdominal Retraction. With the same position as in “3/' (he 
abdominal musculature is retracted sufficiently to flatten the lumbar 
curve. This exercises the abdominal muscles, expands the chest, and 
increases the leverage on the dorsal spine (Fig. 123). 

5. Dorsal Flexion against Round Back. In the prone position with 
the strap applied over the summit of the dorsal curve, head and 
shoulders are actively dorsiilexed, thus exerting passive corrective 
influence on round back and strengthening the extensor musculature 


(Fig. 124). , ^ ^ ^ 

d. Standing Table Rxerdse. The patient stands fonvard-flexed at 
hips, with trunk upon a table, arms extended above, grasping a staff. 
While maintaining contact between abdomen and table, arms are 
extended with staff over the head, staff is brought into contact ivitb 
round dorsal spine, and backward leverage is exerted by further exten- 
sion of curved dorsal spine. Thus the lumbar curve is flattened, the 



Fit-. iJo anti jji — Standing, stxetcbing shouJdcJf 
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Dorsum Rotundum 


4. Abdominal Retraction. With the same position as in “3,” the 
abdominal musculature is retracted sufficiently to flatten the lumbar 
curve. This exercises the abdominal muscles, expands the chest, and 
increases the leverage on the dorsal spine (Fig. 123). 

5. Dorsal Flexion against Round Back. In the prone position mth 
the strap applied over the summit of the dorsal curve, head and 
shoulders are actively dorsiflexed, thus exerting passive corrective 
influence on round back and strengthening the extensor musculature 
(Fig. 124). 

6. Standing Table Exercise. The patient stands forward-flexed at 
hips, with trunk upon a table, arms extended above, grasping a staff. 
While maintaining contact between abdomen and table, arms are 
extended with staff over the head, staff is brought into contact with 
round dorsal spine, and backward leverage is exerted by further e.xten- 
sion of curved dorsal spine. Thus the lumbar curve is flattened, the 



Fu- ijQ and 121 — StaDdins, strclchin? shouldfjy 
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Fic. 123 — Recumbent stretching on roll under round back. 



Fic 133 — ^Abdouunal ttlrartion. 



Fig 124 — Dorsal fiedon against round back. 
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dorsal curve is decreased, and the spinal musculature is strengthened 
(Figs. 125 and 126). 

All these exercises are to be carried out slowly and gracefully within 
the limits short of fatigue, and they are supplemented by swimming 
and general calisthenics. They are simple enough to enable the patient 
to learn the routine and to carry them out at home twice daily. More- 
over, the child must be impressed with the necessity of maintaining 
the attitude of maximum correction at all times, and when he is 
unable to do so, this effort must be supplemented by apparatus. 
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CHAPTER EIGHTEEN 


TREATMENT OF MALIGNANCIES OF' THE SKIN 
George JI. MacKee, M,D., and Anthony C. Cipollaro, M.D. 

CANCER OF THE SKIN AND ORIFICIAL MUCOUS 
MEMBRANES 

Foreword 

Throughout this chapter the various physical agents used for the 
treatment of cancer of the skin and orificial mucous membranes, and 
for the treatment of conditions that might lead to cancer, are men- 
tioned but are not described. A detailed description of these methods 
and agents is given in Chapter i8, Volume I, and Chapter 4, Vol- 
ume III, Technical details contained in those chapters are not repeated 
here. Also many terms are used in this chapter for which no definition 
is given. Explanations for these terms are contained in the chapters 
mentioned above. 

The family physician, for whom this chapter is WTitten, is often the 
first to be consulted by a patient who has cancer or who has a 
condition that may lead to cancer. It is important, therefore, for the 
practitioner of general medicine to be well acquainted with the clinical 
aspects of these conditions. Jlany general physicians are excellent 
surgeons, using either the scalpel or surgical diathermy, or both. Only 
experts in the use of roentgen rays and radium are qualified to use 
these agents in the treatment of cancer; but every physician should 
know what is being accomplished with these agents. / 

For the reasons enumerated above, considerable attenlioh is given 
to clinical description, and to therapeutic methods that are employed 
by physicians other than specialists. A few statistics are included. The 
discussion of roentgen-ray and radium therapy in relation to the cancer 
problem is general. This discussion gives information with w’hich the 
family physician should be familiar. It must not be construed as an 
attempt to teach the technic of such therapy nor to encourage the 
use of these agents by general ph^icians The bibliography contains 
reierences for those who ace particularly interested in roentgen-rav 
and radium treatment. 
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Treatment of Malignancies of the Skin 


Mortality and Incidence of Cutaneous Cancer 


The incidence and death rate of cancer increased markedly in New 
York City between the years 1910 and 1930. Statistics for New York 
City may be taken as a barometer for other large urban centers in the 
United States. Several factors are apparently responsible for this in- 
crease, the most important being the longer expectancy of life. Cancer 
is most prevalent after the age of 40, and a much larger proportion 
of the population now reach the later decades than was formerly the 
case. Improved methods of diagnos* 

(directed at both the medical and : ‘ ‘ 
other factors which influence the ‘ 

The death rate can be ascertained with a fair degree of accuracy. 
In New York City the death rate from cancer was 78 per 100,000 01 
population in 1910. In 1930 the rate had increased to iij per lo^ooo 
population. The actual number of deaths from cancer in New York 
City during the year 1930 was 8,025.* _ , 

When cancer as a cause of death in New York City is compared 
with other diseases, it is found to rank second to heart disease, to equal 
pneumonia and to be far above tuberculosis. Succinctly, the death rale 
per 100,000 popul.ation for heart disease (for 1930) was 2445 for 
cancer, 117; for pneumonia, ri6; for tuberculosis, 64. . 

Of the total of 8,025 cases of cancer that terminated fjJ^lly ana 
appeared on the death certificate as the cause of death m , 

City in 1930, 363 (4,52 per cent) were cancers of the skin and hucca 
cavity. The tumors in these 363 patients were located as follows: ca ■ 
cer of the buccal cavity — males, 229; females, 28 (3*20 per cen 
Cancer of the skin — males, 66; females, 40 (1.32 per cent). 

In the registration area of the United States, there were 7o>274 
deaths from cancer and other malignant tumors (mostly cancer; i 
1921. Of these, 2,610 (3.42 per cent) were cancers of ^ ^ ' 

2,132 occurring in males and 478 in females. Two hundred and eign y 
seven deaths (0.38 per cent) were due to cancer of the 
vulva. Malignancy of the skin was given as the cause of death 


2,433 cases, or 3.19 per cent. . ... 

Since cancer is not a reportable disease, it is impossible 
to determine its incidence. Also, at the present writing, it is impossiD 
to ascertain the total number of cases of cancer of the skia an 


orificial mucous membranes that have been cured. . 

The point to be emphasized here is that approximately 7 . 

of deaths due to cancer in the United States (1921 statistics) 
caused by cancer of the skin and orificial mucous membranes. In on 
year ( 1930 ) there were 363 deaths in New York City caused by cancer 
of these parts. . 

As wc shall see later, the therapeutic results in cases of 
metastatic cancer are encouraging; in certain morphologic ^ j' 
logic tj^pes of such growths the results are excellent. However, there 
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no certain cure for unselected cases of advanced cancer, hence the 
large mortality. Cancer in a very early stage of evolution, before metas- 
tasis has occurred, is usually curable. Obviously, therefore, if every 
case of cancer could be diagnosed sufficiently early and adequate 
treatment immediately instituted, there would be a spectacular drop 
in cancer fatalities. Such a desirable attainment is very often im- 
possible in the case of cancer of the viscera and other deep structures. 
But it is possible in the majority of cases of cancer of the skin and 
orificial mucous membranes. It is even possible to accomplish more 
than this. JIany cutaneous cancers develop as a result of a long- 
standing antecedent lesion. These potentially dangerous lesions are 
well known and will be described later. Most of them can be perma- 
nently eradicated. If all or the majority of such conditions were recog- 
nized and destroyed, there would be a substantial reduction in cancer 
incidence. 

The dermatologist can usually make a clinical diagnosis of early 
cutaneous cancer and of conditions that may lead to cancer. When 
this is Impossible, a microscopic examination may help to establish 
the diagnosis. The practitioner of general medicine cannot be expected 
to make all the necessary clinical differentiations between cancer or 
dangerous cutaneous lesions and the large number of benign conditions 
which they may simulate. Proper undergraduate and postgraduate in- 
struction in dermatology, with sufficient emphasis on the conditions 
under consideration, will increase the diagnostic ability of the physi- 
cian. Periodic health examinations will give the family physician oppor- 
tunity to examine the entire cutaneous surface and the membranes of 
the orifices. The family physician really should be able at least to 
detect dangerous lesions of the skin and membranes, and to suspect 
the potentialities. He may then request a consultation or microscopic 
examination, or eradicate the condition, according to his training, 
ability, facilities and willingness to assume responsibility. 

^\^en dealing mth malignant growths or conditions that may lead 
to such growths, the situation is so serious — i.e., it is so essential that 
no diagnostic or therapeutic error be made — that it seems advisable 
for the family physician to request a division of responsibility. 

In recent years several organizations have conducted a determined 
and comprehensive campaign of cancer education in an attempt to 
reduce the incidence and mortality of the disease. This campaign has 
undoubtedly accomplished a great deal of good. It is probable that a 
continuation of the cancer propaganda directed at the lay public will 
prove helpful, especially if very carefully done. It seems advisable to 
the public, wth carefully selected words, that cancer is amen- 
able to treatment and that it is often preventable. Rather than attempt- 
ing to teach symptomatology, whidi so often proves injurious, it seems 
preferable constantly to urge periodic health examinations. These or- 
ganizations can help to educate the medical public by continuing to 
suggest adequate instruction for the undergraduate medical student 
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and suitable postgraduate courses, seminars, symposiums, addresses, 
articles, monographs and books for the practicing physician. 

Cutaneous Conditions That May Give Rise to Cancer 

The lesions and conditions of the skin and orificial membranes that 
frequently and occasionally give rise to cancer are known as the pre- 
cancerous dermatoses. The term is a poor one because it implies a 
necessary sequence, whereas in reality even the most dangerous mem- 
bers of the group do not always give rise to cancer, and many of the 
so-called precancerous dermatoses arc hardly more dangerous than is 
normal skin. There are pathologists, dermatologists and cancer experts 
who aver that there is always a precancerous stage to everj' cancer. 
Often the precancerous condition is visible to the naked eye. At times 
it can be detected only with the aid of a microscope. In support of 
this contention are the so-called nonpigmented melanomas which have 
been shown to arise in defects that are not macroscopic; also the so- 
called nevus tardus — a birth mark which presumably must be present 
at birth but which does not become visible for weeks, months or many 
years after birth. 

Without delving deeper into the academic aspect of this contro- 
versial subject, suffice it to say that dermatologists employ the term 
precancerous dermatoses simply for a convenient sobriquet for a 
certain group of conditions for purposes of conversation and teaching. 
When teaching medical students or addressing a medical group the 
exact meaning or significance of the term is explained. 

As indicated above, the precancerous dermatoses include condi- 
tions that frequently give rise to epidermoid carcinoma, either spon- 
taneously or as a result of irritation. Among such conditions are Ieuk(> 
plakia, kraurosis vulvae, senile keratosis, certain roentgen-ray and 
radium injuries, the blue-black mole and so on. At the other extreme 
are relatively benign conditions such as a long-standing ulcer, a large 
scar, and a large number of cutaneous lesions. Any permanent eleva- 
tion above the normal surface of the skin, such as a small sc^j ^ 
common mole or even a wart, if frequently irritated or traumatized, as 
might happen on the bearded region of an adult male, nught lead to 
cancer. An area of gum constantly Irritated over a period of many 
years by a ragged tooth might also give rise to cancer. Such conditions 
are comparatively free but not entirely free of danger. It is for this 
reason that these and many other more or less similar conditions are 
included in the group of precancerous dermatoses. 

Alpiiadetical List of Forerunners of Cutaneous Cancer 
Cicatrix 

Cornu ciitaneum 
Erythroplasia 
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Farmers’ skin (sailors’ skin) 

Inflammatory dermatoses: 

Eczema 
Lichen planus 
Psoriasis 

Keratoses: 

Arsenical 

Seborrheic 

Senile 

Occupational: 

Tar, pitch, oil, carbon, etc. 

Kraurosis vulvae 
Leukoplakia 
Lupus erythematosus 
Lupus vulgaris 
Nevi 

Papilloma of tongue 
Radiodermatiiis 
Sebaceous cyst 

Syphilis (syphilitic leukoplakia, smooth atrophy and interstitial 
glossitis) 

Ulcers (long standing) 

Von Recklinghausen’s disease (multiple neurofibromatosis) 

Xeroderma pigmentosum 


Paget’s disease and Bowen’s precancerous dermatosis have hereto- 
fore been included among the precancerous dermatoses. They are 
excluded here because Paulrier,- Jlassia and Rousset,® Fraser, and 
niany others who have made careful studies of these conditions, find 
that they are cancer from the beginning. Massia and Rousset state 
that: “One is forced to the hypothesis that both affections are cancerous 
from the beginning, and that their origin cannot be other than in the 
epithelium of the skin or the demi-mucosae in such regions as the 
tiipples, glands, vulva, anus, axilla, etc.” The subject is under con- 
troversy, but the majority of those who have investigated the two 
diseases agree with the opinion expressed by Massia and Rousset. 


3m 
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acATRIX 

Cancer not infrequently develops in scar tissue, especially in large 
scars resulting from extensive thi^ degree burns, destructive diseases 
such as syphilis and tuberculosis, and severe injuries. Small scats, even 
when keloidal or hyperplastic, are not considered dangerous unless 
frequently traumatized. The new growth may be sarcoma, but it is 



Fic, I — 'Squamous-cell c{n(helioina deveJopinj: in a scar. 


usually epithelioma of the squamouS'Cell variety. Epithelioma, when 
developing in scar tissue, usually evolves slowly probably because of 
the dense sclerotic tissue. But when the growth invades normal tissue 
it iS apt to be rapidly invasive and metastasis soon occurs. Cancer 
occurring in scars from bums used (o be called Marjolin's ulcer. 

Small, slightly elevated scan. :: 

be excised and primarj' union c i, ■■■ : 

crasy, hypcrpla^ 1 can often be ; ^ 


Cornu Cutaneum 
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tion of roentgen rays or radium. At times the elevated scar can be 
reduced to the level of normal skin with these agents ivithout resorting 
to suTgCTy, OT the elevated pottiew may be tenvaved with surgical 
diathermy, especially wth a loop electrode, radium and roentgen rays 
being used subsequently to prevent hyperplasia. We are discussing small 
elevated scars such as may occur on the bearded region of the male 
adult and which may be cut frequently with the razor. Such scars, 
when not subjected to frequent irritation or traumatism over a long 
period of time, are probably no more dangerous than is normal skin. 
Any or all of the therapeutic procedures mentioned above may fail. 
In such a case the lesion may be therapeutically neglected and inspected 
once or twice yearly, or a plastic operation may be performed. 

Large scars should be inspected by the family physician at least 
once a year, or the patient should be instructed to consult his physician 
in case there is any change in the scar. Ulcers, either spontaneous or 
traumatic, which occur in scar tissue and which do not heal in a few 
weeks under the influence of conventional treatment, should, from a 
clinical standpoint, be regarded as the possible early stage of cancer. 
In such instances it is well to make a microscopic examination. Even 
without proof of cancer, when the ulcer refuses to respond favorably 
to the various kinds of medicinal and physical therapy remedies 
recommended for chronic ulcers, it seems preferable to perform a 
plastic operation and remove the danger, 

CORNU CUTANEUM (CORNU HUMANUM) 

The hypertrophy kno^vn as the cutaneous horn was so named because 
of a faint resemblance to the horns of cattle. Usually the condition 
is classified wth the keratoses and w'arts. The pathologic change, 
however, is not always that of a keratosis or of a wart. At times the 
arrangement of cells suggests a corn. Like the senile keratoses, the 
cutaneous horn is encountered most frequently in the later decades of 
life, but it is seen occasionally in children. 

Cutaneous horns occur most frequently on the face and scalp, less 
frequently on the penis, scrotum, buttocks and other parts. They are 
usually single. In shape they may be conical, cylindric, straight, 
twisted, angular, or otherwise. They may be of almost any color, most 
Commonly yellowish-brown or brownish-black. They may be short or 
several inches in length. In size they vary from a tiny lesion suggestive 
of a filiform wart to one having a circumference of 14 inches, as 
reported by Rodriguez.’ The base of the lesion is usually verrucous; 
the greater part of the lesion is composed of keratin. Occasionally, they 
sh^ spontaneously never to return; recurrence, however, is the rule, 
t-ebert ® estimates that about 12 per cent of cutaneous horns chance 
to cancer. 

It is advisable to destroy cutaneous horns. Small lesions may be 
^tirpated after being softened with a 10 per cent solution of caustic 
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potash. Trichloracetic acid may then be applied to the base. A more 
certain and more popular method of destruction is with electrodesic- 
cation. When carefully done, the result is permanent and there is 
either no scar or one that is inconspicuous. When preferred, the iMion 
may be excised. Solid carbon dioxide, radium and roentgen rays have 
been employed with good results by some. 

ERYTHROPLASIA 

{^pithiliome papillaire ntt) 

Erythroplasia is an uncommon affection. It was first ^^^cribed by 
Fournier and Darier ® in 1893. Queyrat made a careful study of this 
condition in 1910 and since then, in this country, the affection has-been 
known as erythroplasia of Queyrat. Sulzberger and Satenstem re- 
ported the first American case. 

The affection attacks especially the glans penis, but may also occur 
on the orificial mucous membranes. At first there may be one or severs^ 
small lesions which gradually extend peripherally. At first only 
emia may be visible -with little edema, thickening or elevation. Later 
there develops definite infiltration. The surface is shiny or vel^vety ano 
there may or may not be a serous exudate. Stinpng and itching ma> 
be present. 

Erythroplasia can be considered as a true precancerosis, 
every instance when the patient has been observed for a \ 

long time, prickle-cell epithelioma with involvement of the lymph 1^ 5 
has developed. The disease is likely to be mistaken for eczema, sypnms, 
epithelioma, moniliasis, psoriasis and tuberculosis. , . 

The etiolo^ is unknown and the histology shows at first acanthosis, 
hyperkeratosis, parakeratosis and inflammatory changes. Later dysker- 
atotic changes of a Bowenoid type occur and eventually infiltrating 
prickle-cell epithelioma develops. 



Farmers’ Skin 


Treatment consists in complete destruction of the lesions by scalpel 
or eleclrosurgery. Amputation of the penis is necessary in some cases. 
Topical remedies, x-rays and radium have failed. 

INFLA^I^^ATORY DERilATOSES 

It has been reported that several of the inflammatory dermatoses, 
such as eczema, psoriasis and lichen planus, have become carcinoma- 
tous. The consensus of opinion among dermatologists, however, is that 
the neoplasm develops secondary to a keratosis caused by radio- 
dermatitis or arsenotherapy, or both. It is improbable that these der- 
matoses, per se, ever give rise to cancer except, perhaps, in the case of 
long-standing lichen planus of the mouth. Saad ® reports a case of 
buccal lichen planus of three years’ duration in which carcinoma 
developed. 


farmers’ skin (sailors’ skin) 

This condition occurs on the exposed parts of middle-aged and 
elderly persons who have been exposed to the sun for many years 



Fio 3— Farmers’ skin (sailors’ skin) showing atrophy, “permanent freckles,” senile 
keratoses and 4 squamous-ccU epithelioma 


^^0 have a low actinic toleration. The skin becomes wrinkled 
and dry; permanent lentigo (freckles) and keratoses develop. The 
condition bears some resemblance to chronic radiodermatitis senile 
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skin, and xeroderma pigmentosum. It is quite common for epithelioma 
to develop in farmers’ skin. The epithelioma may be of the b^al-cell 
or squamous-cell t5T3e. Squamous-cell growths, when occurring in such 
skin, are often of comparatively low malignancy. The present fad for 
sun bathing and the use of sources of intense ultraviolet radiation in 
the home may possibly cause a numerical increase of cases of farmers’ 
skin in the future. 

Treatment consists of avoiding direct and strongly reflected sunhgm 
or adequate protection against such light. Protection may be obtained 
by the use of a walnut stain, or by rubbing a dark-colored cream into 
the skin followed by the application of a dark-colored powder. 


R Icbthyo] gr.v 

Catmne grjBS 

Burnt sujrar 3ss 

Zinc o-ride Sn 

Starch (rice) 3ui 

Vaselin (white) 2i 

Lanoho 3ut 

M. Sig.: Apply to exposed parts for pro- 
tection against sunlight. 


R Cosmetic brown pr.vhitosv 

Laaolm, anhydrous .... Sp 

Zinc oxide 

Bismxnh subcaibonate . . 5» 
Magnesium carbonate .. ass 

Talc 

Starch (rice) Su 

M. and pass through fine sieve. 

SIg: Apply to exposed parts a«ei uang 
the cream. 


An ointment consisting of equal parts vaselin and lanolin m 
zo per cent zinc oxide, applied to the skin just before exposure to 
sun, provides sufficient protection in many cases. After the oinim 
has been rubbed into the skin, powdered talc may be appueo. a 
following cream may be applied so thinly as to be inconspicuous 
yet give adequate protection. 


B Salol f.v. 

Tannic acid 3ss 

Cold crcjm qs-ad 5i 

M. 

Patients with well-developed farmers’ skin should have 
areas inspected at least once a year. It is well to destroy 
with electrodesiccation. An ointment, such as the one subjomea, y 
be rubbed into the skin at night to combat the excessive drynes , 
an almond emulsion may be applied several times daily. 

B Lanolin, anhydrous 

Olive Oil 

Vaselin 3u 

Cold cream ...... qa. ad 31 


KERATOSES 

The lesions known as the keratoses are among the most 
most frequent of the forerunners of cancer. The keratoses tn 
be discussed here are the senfle keratosis, seborrheic keratosis, ar 
ical keratosis and the industrial keratosis. 

Senile Keratosis. — The senile keratosis is seen 
the face and the backs of the hands in persons past middle lije- 
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ate perhaps more common in light than in dark skin. They ate seldom 
encountered in negroes, American Indians and Arabs. The clinical 
appearance depends on the stage of development. The lesions range 
in size from the head of an ordinary pin to a silver quarter, and 
occasionally larger. They consist mainly of a thickened horny layer, or 
scale, which is firmly adherent. The scale may occasionally exfoliate, 
which gives the impression of improvement. It is unusual for an un- 
treated senile keratosis to disappear permanently. The lesions may be 
very slightly elevated or considerably so, depending on the amount of 
hyperkeratosis and inflammatory changes. When the lesion consists of 
more than a thickened horny layer, one should suspect the early stage 
of epithelioma; that is, if there is any evidence of acanthosis, or infil- 
tration — any thickening other than that produced by the scale. 

The senile keratosis is a dangerous lesion, especially when situated 
on the mucous surface of the lip. Many of them change to epithelioma 
sooner or later. It is probable that the neoplasm is always of the 
squamous-cell type when situated on the mucous surface of the lip. 
When the keratosis is situated in the skin, the resulting epithelioma 
is usually of the squamous-ccU type. Eller and Ryan slate that it is 
always of the squamous-cell type. 

Senile keratoses of the lip so frequently give rise to cancer that we 
advise the destruction of all such keratoses as soon as detected. Whether 
or not a given senile keratosis of the skin should be destroyed is a 
matter of judgment. As a general rule it is preferable that they be 
eradicated, especially when the patient has a reasonably long expect- 
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ancy of life. A very old person may have one, several or many lesions. 
In such instances it is often advisable to keep the patient under 
observation and treat only the lesions that appear to be changing 
from keratosis to cancer. Many senile keratoses never give rise to 
cancer. When cancer does develop on a senile keratosis, the evolution 
is usually slow so that the physician has plenty of opportunity to 
detect the transition, provided the patient remains under observation. 

One of the best treatments for senile keratosis is electrodesiccation. 
The area is first cleansed properly, then procainized. The lesion is 
next thoroughly dehydrated with the electrodesiccating current. The 
mummified tissue is removed with curet or scissors, and the base of 
the wound is again electrodesiccated. When there is the slightest 
suspicion of epithelioma, the treatment is, of. course, that advised for 
malignant neoplasms. Afany persons, especially society women with 
lesions on the face, -prefer to avoid scars or any permanent defect 
such as depigmentation. However, when treating a senile keratosis it 
is advisable to concentrate on a permanent cure rather than on avoid- 
ing a permanent defect. Radium and roentgen rays are efficacious, 
when properly applied, for selected cases. The same statement may be 
made for solid carbon dioxide, the electric cautery, and various caus- 
tics. Persons who have a tendency to develop senile keratosis on the 
mucous membrane of the lip and on the skin should avoid excessive 
exposure to strong actinic light, and It Is well to apply ointments and 
creams frequently. 

Seborrheic Keratosis. — As a rule seborrheic keratoses are divided 
into two main varieties — hyperkeratotic and nevoid. The fiypcrkera-" 
folic variety will be described first. This type of keratosis is most com- 
mon on the face, scalp and trunk. Seborrheic keratoses may develop 
as early as the third and fourth decades, but they are far more com- 
mon in middle-aged and elderly persons. They are, perhaps, mom 
common on very oily (seborrheic) skins. In size, they correspond witn 
the senile keratosis. The color is usually dark brown. The scale is 
usually waxy or greasy and, as a rule, it can be rather easily remold. 
The scale often sheds spontaneously but almost invariably recurs. Inc 
lesions are well circumscribed and only slightly elevated as a rule, iJC- 
casionally, one encounters a seborrheic keratosis that is verrucous.^ 

The seborrheic keratosis is not very dangerous. Some dermatologists 
aver that they never give rise to epithelioma. The majority of derma- 
tologists, including the writers, are of the opinion that an unkno'vn 
percentage of these lesions do give rise to epithelioma which, however, 
is usually of the basal-cell type. . , 

Obviously, it is important to distinguish between a seborrheic an a 
senile keratosis. Usually they can be differentiated clinically by jne 
gray, dry, adherent scale of the senile keratosis, as compared with tne 
dark-brown, w.axy, removable scale of the seborrheic keratosis.^ m 
limes it is imp.^vible to make the distinction. In such instances it is 
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preferable either to regard the lesion as of the senile tjpe or to make 
a microscopic examination. 

From the standpoint of danger it is not necessary to remove sebor- 
rheic keratoses, provided the lesions are occasionally inspected. As 
a rule, however, it is preferable to destroy them in order to prevent 
possible development of basal-cell epithelioma, and even squamous- 
cell epithelioma, and, also, for cosmetic reasons, situated on 

the exposed parts, especially in women, it is advisable to avoid leaving 
a scar if possible. 

In the early stage of evolution it is possible permanently to remove 
many lesions simply by the application of trichloracetic acid. When the 
scale is quite thick, it is preferable first to remove the horny layer 
with a curet and then apply the acid. Often this can be done ^without 
a local anesthetic. Radium is frequently efficacious but recurrences 
are common. \\Tien carefully applied, (he lesion is apt to disappear 
without leaving a trace. Solid carbon dioxide is used for this purpose 
by some dermatologists, but it is not a popular remedy. The most 
popular agent and probably the one that is most certain permanently 
to cure the lesion is electrodesiccation. 

Nevoid Keratosis. — ^This variety of keratosis occurs on the face 
and trunk of people over 30 years of age, most commonly after the age 
of 50. In size the lesions range from the head of an ordinary pin to a 
fifty-cent piece and even larger. They are sharply marginated, consid- 
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erably elevated, usually dark brown or brownish-black in color, often 
shiny and smooth. Usually there is no perceptible thickening of the 
horny layer — no scale. They should be differentiated from nevi, which 
they rather closely resemble. As in the case with the other varieties of 
keratosis, there may be a single lesion, a few or many. 

It is probable that the percentage of cases of epithelioma arising 
from the nevoid keratosis is smalL It is also probable that the majority 
of such epitheliomas are of the basal-cell type. 

The nevoid keratosis is not, therefore, considered a very dangerous 
lesion. However, inasmuch as they are unsightly and, particularly, 
because they may give rise to cancer, possibly of the squamous-cell 
type, it is customary to destroy them. Under local anesthesia the lesion 
is dehydrated with electrodesiccation or coagulated with electrocoagu- 
lation. It is then removed with the curet, and the base of the wound 
is electrodesiccated. They may also be excised. Finally, they may be 
let alone and inspected once yearly. Radium and roentgen rays are 
not very efficacious. 



FiG 6 — Anenlcal wilh squamoGS-dl epllheliorea. 


Arsenical Keratoses. — Arsenic, no matter how administered, if 
taken in large doses or over a long period of time, especially in idio' 
syncratic persons, may cause keratoses. Most of the arsenical keratoses 
have been caused by the oral administration of arsenic (Fowler s solu- 
tion; Donovan's solution; sodium arsenate, etc.) in small, modemte 
and large doses for long periods of time without suitable rest periods. 
Arsenic, as a rule, should be given in courses wilh intervals ol one 
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or several months between courses. Also, the patient should be care- 
fully observed for low toleration. 

The keratoses show a predilection for palms and soles. Occasion- 
ally, the affection is more or less generalized. It is often accompanied 
by mdespread, punctate pigmentation of the trunk. The characteristic 
picture is excessive dryness of palms and soles with almost innumerable 
punctate, deep-seated keratoses. Occasionally, very large thick lesions 
are encountered. Both basal-cell and squamous-cell epitheliomas are 
prone to develop on arsenical keratoses. 

The affection is treated \\ilh copious applications of grease. The 
patient is kept under observation, and individual keratoses that are 
active — that is, those that continue to evolve — are destroyed with 
electrodesiccation. The area should be procainized and the keratosis 
should be completely eradicated. In recent years it has been customary 
to administer intravenously a freshly prepared solution of sodium 
thiosulphate; but no one has yet conclusively proved that such treat- 
ment has any influence on arsenical keratoses or that the formation of 
additional lesions can in this way be prevented. 

Industrial Keratoses (Industrial Keratoderma; Occupational 
Keratoderma). — Keratoses often precede the development of indus- 
trial cancer of the skin. That cancer of the skin is a problem of some 
magnitude in industrial medicine can be appreciated by a review of 
the industries in which this condition develops. Workers come in con- 
tact with tar in the following occupations: Anthracite laborers, aniline 
dye workers, benzine distillers, chimney sweeps, coal oil workers, creo- 
sote workers, gas-works stokers, lamp-black workers, pitch handlers, 
sprinklers of soot (gardeners), paraffin workers, road tar sprayers, 
tar distillers and many others. 

Workers come in contact with arsenic in the following occupations: 
sheep-dip workers, workers in Paris green, those who make or handle 
wall paper, smelters of ores, furriers, tanners, tree and shrubbery 
sprayers, taxidermists, etc. 

In addition to keratoses caused by tar products and arsenic, there 
are those occurring in persons working with roentgen rays and radium, 
in shale-oil workers and so on. 

Persons who work in these various industries and who show a 
tendency to develop keratoses in spite of proper hygiene should change 
their •• 


occupation. 


^ Cancer in these cases, which is usually of the squamous-cell type, 
IS usually preceded by a long-standing follicular dermatitis or follicular 
Keratoderma. Occasionally, keratoses of the senile type occur. The 
°.^™^titis or keratoderma may disappear ^vith change of occupation, 
cleanliness and soothing topical remedies. If not, the patient must 
remain under observation. Keratoses, ulcers that refuse to heal, and 
eSt ^ be excised or destroyed with electrodesiccation or 
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erably elevated, usually dark bro^vn or brownish-black in color, often 
shiny and smooth. Usually there Is no perceptible thickening of the 
horny layer — no scale. They should be differentiated from nevi, which 
they rather closely resemble. As in the case wth the other varieties of 
keratosis, there may be a single lesion, a few or many. 

It is probable that the percentage of cases of epithelioma arising 
from the nevoid keratosis is small. It is also probable that the majority 
of such epitheliomas are of the basal-cell type. 

The nevoid keratosis is not, therefore, considered a very dangerous 
lesion. How'ever, inasmuch as they are unsightly and, particularly, 
because they may give rise to cancer, possibly of the squarnous-cell 
type, it is customary to destroy them. Under local anesthesia the lesion 
is dehydrated with electrodesiccation or coagulated with electrocoagu- 
lation. It is then removed with the curet, and the base of the wound 
is electrodesiccated. They may also be excised. Finally, they may be 
let alone and inspected once yearly. Radium and roentgen rays are 
not very efficacious. 



Fio 6 — Arsenical l;er 3 tose 5 with squamous-cell epithelioma. 

Arsenical Keratoses, — Arsenic, no matter how administered, if 
taken in large doses or over a long period of time, especially m 
syncratjc persons, may cause keratoses. Most of the arsenical keratw^ 
have been caused by the oral administration of arsenic {Fowlers solu- 
tion; Donovan’s solution; sodium arsenate, etc.) in small, ntodemw 
and large doses for long periods of time wthout suitable rest periods. 
Arsenic, as a rule, should be given in courses with intervals of on 
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KRAUROSIS VULVAE 

This malady involves the mucous membrane of the female external 
genitalia. It seldom occurs before the age of 40 or 50. The first symp- 
tom may be a recalcitrant pruritus which becomes very annoying. The 
membrane becomes atrophic, sclerotic, pale, and Icukokeratotic. The 
leukokeratotic changes are probably identical with leukoplakia of the 
buccal mucosa. The incidence of squamous-cell epithelioma in this 
affection has been estimated to be about 10 per cent. 

As a rule, it is well to treat this disease conservatively and to inspect 
the involved parts at least every six months. Excellent local hygiene 
is indicated. Itching may be relieved with nonirritating topical anli- 



Fic 7 — Kraurosis vulvae showing scicrosb and leukoplakia. 


pruritics such as lotions and ointments containing small quant t 
of menthol, butesin, anesthesin, phenol, etc. Roentgen rays may be u 
as an antipruritic if necessary, but such treatment should be Jimi 
to one or two short courses of fractional doses. Alcohol 
resections of the sensory nerves of the perineum are other methods 
controlling vulvar pruritus Radium may be of value 
of leukoplakia. Ulcers and erosions that do not heal quickly sbou 
be excised or destroyed with the actual cautery or with high-frequeng 
electricity, preferably the latter. Vegetations and nodules are ireaieo 



Miscellaneous Mouth Conditions nl 1* 

uous as a rule. The affected area may develop fissures, erosion 
ulcers, or it may become verrucous or vegetating. Such lesions 
especially dangerous, but it should be borne in mind that epithel 
may develop suddenly and rapidly in an apparently inactive pate 
leukoplakia. When epithelioma develops in leukoplakia it is aV 
of the squamous-cell type. As a rule, the early evolution of the ca 
is slow; occasionally, it is rapid. 

The affection must be differentiated from lichen planus, 1' 
erythematosus, aphthous ulcers, moniliasis, and Vincent’s angina, 
mouth lesions of lichen planus are punctate, striated, annular, pap 
and usually accompanied by skin lesions. Lupus erythematosus r; 
involves only the mucosa. The lesions are more inflammatory— • 
gestion, edema, and erosions. The other diseases may be differenti 
by acute symptoms, concomitants, and bacteriologic examinat 

Treatment. — It is customary to destroy small patches of le 
plakia unth electrodesiccation or \vith the electric cautery. Many 
lesions may be permanently cured with a single, intense applicatic 
the beta or gamma rays of radium. If, however, the lesion is stubl 
it is preferable to resort to the previously mentioned treatment r: 
than give repeated applications of radium. Large quiescent areas 
be treated with radium, but it is preferable to treat them pi 
lively. Dental hygiene must be perfect. Tobacco is prohibited. A< 
areas should be excised or destroyed by the methods enumerated al 
Treatment that is incapable of completely destroying the lesion sh 
be avoided. If the patient has syphilis, modern antisyphilitic treati 
is indicated. The mouths of patients with leukoplakia shoulc 
inspected every few months. 

ailSCELLANEOUS MOUTH CONDITIONS 

Chronic gingivitis, pyorrhea alveolaris, apical abscess, sin 
fistulas, erosions, ulcers, decayed teeth, etc., favor the developmei 
cancer. 

The dental profession deserves a great deal of credit, not onh 
superb mechanical ability, but because of the recognition that pe 
oral hygiene is an exceedingly important health factor. The mo 
dentist urges his patients to have the teeth cleaned by a prophyl 
dental nurse at least twice yearly, at which time the dentist ins] 
the entire mouth. Undergraduate and postgraduate instructio 
diseases of the oral mucosa is ^ven in many dental schools and d' 
societies. This knowledge, together with periodic dental examinat 
should materially lessen cancer incidence. The dentist has the oj: 
tunity to detect many of the conditions that lead to cancer. Son 
these must be treated by the dentist; others should be called tc 
attention of the family medical adviser. 

«7I 
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leukoplakia, in the absence of ulcers, erosions, fissures, verrucous 
excrescences and vegetations, may be let alone and kept under obser* 
vation. It is preferable, however, to perform a partial or complete 
vulvectomy followed by plastic repair. Such operation is essential when 
there is widespread leukoplakia, sclerosis and areas of erosion, ulcera- 
tion and other danger signs. 

LEUKOPLAKIA (LEUKOKERATOSIS) 

It is the consensus of opinion that leukoplakia of the mouth may 
occur in both syphilitic and nonsyphilitic persons, and in smokers as 
well as non-smokers. Its etiology has not been definitely determined. 
Presumably it can be caused by syphilis and by local irritation. As a 
rule, antisyphilitic treatment has little if any effect on leukoplakia. 
When occurring in syphilitic persons, it is often associated with inter- 
stitial glossitis' and smooth atrophy, a triad that is probably more 
dangerous than uncomplicated leukoplakia. 

It is a fairly common affection in men; only about five per cent of 
the cases occur in women. ^VhiIe leukoplakia is dangerous, it is prob- 
able that many cases, perhaps the majority, never develop cancer. 



mous-cell cpithelionia. 


Leukoplakia may occur in one or several very small patches . 
tongue, lips, or mucous surfaces of the cheeks; or most of the ou 
cavity may be involved. Small patches on the gums, under the tons^ ' 
on the roof of the mouth, behind the molars, etc., may escape care 
examination. , . j 

The patches are white, usually marginated, irregular in size a 
shape, slightly thickened, and a trifle rough. The patient is often c 
scious of the affection, although subjective symptoms are not consp 
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all Other scars and sclerosed tissue, cancer in lupus vulgaris, probably 
because of the dense fibrous tissue and sparse blood vessels and 
lymphatics, is likely to evolve slowly at first and to be of a com- 
paratively low degree of malignancy. 

The early stage of cancer in these cases is often mistaken for active 
lupus. Indeed, the clinical diagnosis may be difficult. Warty excres- 
cences, a vegetating tumor, a pearly nodule, or a stubborn ulcer having 
an indurated margin, when occurring in a patch of lupus vulgaris or in 
scar tissue left by the disease, should be regarded with suspicion. In 
all such cases a biopsy should be performed. The treatment is that 
recommended for cancer — excision, plastic surgery, surgical diathermy 
and, in selected cases, roentgen rays and rad'mtn. 

NEVl 

Of the many forms of birth marks, the most dangerous is probably 
the almost flat, smooth, hairless, blue-black mole. Alany of the mel- 
anomas have their origin in lesions of this type. \Miile malignant 



change may be spontaneous, it is much more likely to follow trauma- 
tism, frequent irritation or injudicious treatment. 

If such a lesion is quiescent and m a location where it will not be 
irritated, it may be let alone. But when there is the slightest evidence 
of activity, such as increase in size or thickness, ulceration, crusting, 
etc. (Hutchinson’s malignant lentigo), or if there is possibility of re- 
peated injury, the lesion should be radically destroyed. As a rule, it is 
preferable to remove malignant lentigo. This may be accomplished by 
a wide, deep excision or it may be radically destroyed with surgical 
diathermy. Radium and roentgen rays have produced excellent results 
m some cases. 

There is a controversy relative to the advisability of removing an 
apparently quiescent blue-black mole. In the past, attempts at removal 
nave been so often followed by recurrence and metastasis that many 
physicians prefer to do nothing \\^ile it is true that many of these 
esions never give rise to melanoma, very frequently indeed they do so. 
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LUPUS ERYTHEMATOSUS 

Epithelioma of the squamous-cell type occasionally develops in the 
sclerotic tissue caused by the discoid variety of lupus erythematosus. 
The neoplastic evolution is at first slow, but as soon as normal tissue 
becomes involved the growth becomes fairly rapidly invasive. Like 
most epitheliomas that develop in scar tissue, the grade of malignancy 
is comparatively low. A persistent ulcer or erosion, a nodule or a 
vegetation, occurring in an area of lupus erythematosus or in sclerotic 
tissue resulting from a patch of lupus erythematosus, should be excised 
or destroyed with surgical diathermy. Roentgen rays or radium may 
be used, but the result is less certain. 

It has been said that epithelioma, when apparently caused by lupus 
erythematosus, is really due to excessive roentgen-ray or radium treat- 
ment. Undoubtedly this is true in some cases, but epithelioma occurring 
in cases of lupus erythematosus has been reported in the absence of 
such treatment. Squamous-cell carcinoma occurs as a complication of 
lupus erythematosus in about 4 per cent of the cases. 



Fio 12 . — Lupus crythpmalosus and squamous-cell epithelioma. 


Gold and bismuth therapy have replaced, for the j- 

other therapeutic agents for this disease. Roentgen rays and radJ 
are very seldom used for this purpose. Intravenous injection of go 
sodium thiosulphate cures or controls many if not most of the cas • 
It will be interesting to compare lupus cancer statistics of the ps 
with those compiled during the next twenty-five years. 

LUPUS VULGARIS 

It has been estimated that squamous-cell epithelioma develops m 
about 2 per cent of cases of lupus vulgaris. It is undoubtedly tr 
that some of these cancers are due to the excessive use of roentgen ray 
or radium. On the other hand, cancer in lupus vulgaris lesions 
was reported before the advent of roentgen rays and radium. As 
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The blue-black mole should never be treated vsith caustics nor should 
it be squeezed. It should be let alone or completely removed. 

The very common mole — pinhead- to split-pea-sized, elevated, 
smooth, more or less pigmented (various shades of brown) with or 
without hairs — is not considered dangerous unless subjected to re- 
peated irritation Large brown nevi, flat or elevated, wth or without 
hair, in the absence of traumatism, are not veiy dangerous lesions. 
Cerebriform and other soft nevi are dangerous, as a rule, only when 
irritated or injudiciously treated. The same statement may be repeated 
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When we are certain of the diagnosis, we prefer to remove this type 
of lesion by scalpel surgery provided, of course, that the location and 
size are suitable for such treatment. An incision is made through the 
skin at least one-quarter inch beyond the well-defined margin of the 
lesion. The incision then extends outward and do^vnward to the muscle. 
When the tissue is removed, the lower portion will be wider than the 
upper portion. The excision is made in this way because occasionally 
the pigment-bearing cells may follow nerves and blood vessels down- 
ward and outward. The tissue should be examined immediately by 
frozen section or \vith a powerful magnifying lens, and, later, serial 
sections should be carefully examined under the microscope. In this 
way the diagnosis is established; also it is ascertained whether or not 
the lesion was completely removed. If not completely removed, a wder 
excision is made. The excision may be made either with a scalpel or 
with the cutting current. We prefer the former because surgical dia- 



Fig. 14 — Common moles. 


thermy in any form may interfere with a satisfactory microscopic ex- 
amination. 

As a rule, the blue-black mole is a small lesion (pinhead-sized or 
split -pea-sized). Occasionally, they are much larger — too large for 
excision. Occasionally, too, the situation precludes ordinary excision. 
In such instances the lesion may be let alone and kept under observa- 
tion, or it may be removed by plastic surgery, depending on the judg- 
ment of the physician and the attitude of the patient and family. 

The blue-black or gun-metal or slate-colored mole may be confused 
with dark-brown, much less dangerous nevi. It may be closely simu- 
lated, at times, by a tiny sebaceous cyst that happens to contain pig* 
ment or in which the refractive index is such as to produce a bluish- 
black appearance; also, very small hemorrhagic cysts may simulate 
malignant lentigo. The diagnosis, therefore, is not always easy. 

Moles may be present at birth or they may appear months or 
years, sometimes many years, after birth. 
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be treated, as a means of cancer supervention, depends upon type, 
location, condition and the judgment of the physician. In selecting 
treatment for a given lesion, it is well to choose a method that is uni- 
versally recognized as safe and proper. Many deaths have been caused 
by the incomplete destruction or the irritation of dangerous types of 
nevi with acids, solid carbon dioxide, electrodesiccation, electrolysis 
and other inadequate methods. 

PAPILLOMA OF THE TONGUE 

These lesions may be single or multiple. They are usually situated 
on the dorsal surface in the area of papillae. They are considered 
slightly dangerous because they are so likely to be repeatedly irritated 
or traumatized. It is advisable to destroy them with electrodesiccation. 
They may, of course, be excised either with scalpel or with the cutting 
current. 


RADIODERMATITIS 

This term includes all cutaneous injuries caused by roentgen rays 
or radium. A description ol radiodermatitis is given in Chapter 4, 
\'olume III. Severe acute radiodermatitis may result in an ulcer which 
never heals. Such an ulcer is dangerous because cancer is likely 
eventually to occur. Even when the ulcer heals, it leaves a scar that is 
far more dangerous than are ordinary scars. It is advisable to excise 
ulcers of this kind, by a plastic operation if necessary. By so doing, the 
patient is spared both time and severe pain; and, also, danger of 
•subsequent cancer is removed. 

A dangerous sequel of excessive roentgen-ray or radium treatment is 
the so-called roentgen-ray or radium skin. This consists of atrophy or 
sclerosis, telangiectasia and keratoses. These sequelae may result from 
an acute reaction with or without ulceration, or they may be the result 
of too many fractional treatments with or without a mild first degree 
reaction. 

^ Permanent roentgen-ray and radium injuries should be occasionally 
inspected. In many instances the skin remains slightly atrophic and 
perhaps telangiectatic throughout the remainder of the patient’s life, 
without the development of lesions that are dangerous. On the other 
hand, keratoses may develop. These keratoses may or may not lead to 
cancer. They frequently do so. They should at least be kept under 
observation. As a rule it is advisable to destroy them. This can be 
done with electrodesiccation In our opinion, radium and roentgen rays 
^pntraindicated for this purpose. 

I’t that has been badly injured with roentgen rays or radium is 
iKely to ulcerate when irritated or traumatized. It may ulcerate spon- 
aneously. The ulcer may or may not heal. If it does not heal it is 
'eiy hkely to end in cancer. 

3971 
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for verrucous nevi. Cancer rarely, if ever, develops on vascular nevi 
and lymphangiomas. 

Nevi of various types are exceedingly common. Almost every person 
has at least one mole of the common variety. It is by no means neces- 
sary or advisable to destroy all moles, but their inspection should be 
a part of periodic health examinations. Whether or not a nevus should 
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be treated, as a means of cancer supervention, depends upon type, 
location, condition and the judgment of the physician. In selecting 
treatment for a given lesion, it is well to choose a method that is uni- 
versally recognized as safe and proper. Many deaths have been caused 
by the incomplete destruction or the irritation of dangerous types of 
nevi with acids, solid carbon dioxide, electrodesiccation, electrolysis 
and other inadequate methods. 

PAPILLOMA OF THE TONGUE 

These lesions may be single or multiple. They are usually situated 
on the dorsal surface in the area of papillae. They are considered 
slightly dangerous because they are so likely to be repeatedly irritated 
or traumatized. It is advisable to destroy them uith electrodesiccation. 
They may, of course, be excised cither with scalpel or with the cutting 
current. 


RADIODERMATITIS 

This term includes all cutaneous Injuries caused by roentgen rays 
or radium. A description of radiodermatitis is given In Chapter 4, 
Volume III. Severe acute radlodermatilis may result in an ulcer which 
never heals. Such an ulcer Is dangerous because cancer is likely 
eventually to occur. Even when the ulcer heals, it leaves a scar that is 
far more dangerous than are ordinary scars. It is advisable to excise 
ulcers of this kind, by a plastic operation if necessary. By so doing, the 
patient is spared both time and severe pain; and, also, danger of 
•subsequent cancer is removed. 

A dangerous sequel of excessive roentgen-ray or radium treatment is 
the so-called roentgen-ray or radium skin. This consists of atrophy or 
sclerosis, telangiectasia and keratoses. These sequelae may result from 
an acute reaction with or without ulceration, or they may be the result 
of too many fractional treatments with or without a mild first degree 
reaction. 

Permanent roentgen-ray and radium injuries should be occasionally 
inspected. In many instances the skin remains slightly atrophic and 
perhaps telangiectatic throughout the remainder of the patient’s life, 
without the development of lesions that are dangerous On the other 
hand, keratoses may develop. These keratoses may or may not lead to 
cancer. They frequently do so They should at least be kept under 
observation. As a rule it is advisable to destroy them. This can be 
uone with electrodesiccation In our opinion, radium and roentgen rays 
‘^p^traindicated for this purpose. 

ru 1 has been badly injured with roentgen rays or radium is 
iKely to ulcerate when irritated or traumatized. It may ulcerate spon- 
aneously The ulcer may or may not heal. If it does not heal, it is 
cry likely to end in cancer. 
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Fig. 20 — Chronic radiodermatitis with squamous-cell epithelioma. 


When skin of this type shows a tendency to ulcerate or to form 
frequent and numerous keratoses, it is advisable to remove it by ex- 
cision or by a plastic operation. If this is impossible, the keratoses 
should be destroyed and the patient kept under observation. 


SEBACEOUS CYSTS (STEATOMA; ATHEROMA; ^VEN) 

Ricker and Schwalb report 43 cases of sebaceous cyst in which 
cancer developed in the cyst wall. Caylor reported 12 similar cascs.^' 
WTien cancer occurs it is usually a squamous-cell epithelioma although 
basal-cell epitheliomas have been reported. Malignant change occurs 
more often when the cyst first undergoes ulceration. Sebaceous cysts 
are exceedingly common, and they are easily removed by excision. 




Fic 31 — Sebaceous cj St 


Fic 32 — Same as Fig. 21. After excision. 


SYPHILIS 

Cancer is a frequent complication of interstitial glossitis, and smooth 
atrophy of the tongue of late syphilis. The same may be said of syph- 
ilitic leukoplakia. The management of leukoplakia has been already 
discussed. Little can be done for the other two conditions. The patient 
should be kept under observation and, of course, he should receive 
anlisyphilitic therapy. Early cancer of the longue in these cases is 
frequently mistaken for gumma or other manifestation of syphilis, a 
mistake that can be avoided by microscopic examination, hlany der- 
matologists believe that the administration of arsenic increases the 
danger of cancer In cases of syphilitic glossitis, smooth atrophy and 
leukoplakia. We doubt the contention. 

Cancer may occur in scars left after the healing of destructive lesions 
of syphilis. Also, cancer has been reported in cases of gumma; but 
most of these reports were of tongue cases and it is probable that 
they were cases of squamous-cell epithelioma occurring in interstitial 
glossitis rather than in a gumma. 


ULCERS AND FISTULAS 

A few cases of squamous-cell epithelioma developing in long-stand- 
mg varicose ulcers of the leg have been reported. The incidence of 
malignancy is very small when one considers the frequency with 
which the so-called varicose ulcer occurs. In the literature one finds 
requent reports of metastatic cancer occurring in ulcers of various 
^es.^ decubitus ulcer, pellagrous ulcers, ulcerations in acrodermatitis 
chronica atrophicans and scleroderma, third degree burns and, of 
course, ulcers caused by roentgen rays and radium. ’ 
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Cancer following long-standing fistulas and sinuses caused by disease 
or injuries has been frequently reported. We recently saw a case of 
osteomyelitis, the result of an accident, which had failed to respond to 
the usual treatment. A. sinus formed, followed by squamous-cell 
epithelioma of relatively low-grade malignancy, necessitating amputa- 
tion of the leg. 
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VON Recklinghausen’s disease (multiple neurofibromatosis) 

Hosoi ” reports 65 cases of this affection in which sarcoma de- 
veloped. He states that sarcoma develops in 13 per cent of the cases of 
multiple neurofibromatosis. This figure seems high to us. We have seen 
many cases of multiple neurofibromatosis but we have not seen a 
single case of associated sarcoma. 

It may be that of all cases of von Recklinghausen’s disease in which 
tumors are excised, 13 per cent become sarcomatous after surgical 
interference. Hosoi reports one case in which sarcoma developed one 
year after the excision of a tumor. It has been observed by others 
that removal of a tumor by surgical excision may result in sarcoma. 
These sarcomas are not very malignant and seldom undergo metas- 
tasis, yet the prognosis is poor. Recurrence after repealed operations 
is the rule. If death does not result from metastasis, it follows opera- 
tive and postoperative complications. 

The course of von Recklinghausen’s disease is not modified by treat- 
ment of any kind. It would seem that surgical intervention were contra- 
indicated. 

XERODERMA PIGMENTOSUM 

This rather rare affection is thought to be due to congenital lack of 
resistance to sunlight. It begins early in life, there is a predilection 
for the exposed parts and it is incurable. The affection simulates 
chronic radiodermatitis, sailors’ or farmers’ skin and senile skin. 
Pigmentation and atrophy are first noted. This is followed by kera- 
toses and epithelioma, usually of the basal-cell type. 

Very little can be done for these unfortunate children. Only those 
with a mild example of the affection reach adult life. These patients 
should be thoroughly protected from even indirect sunlight. Prefer- 
ably they should be exposed only to artificial light which contains 
few if any actinic rays. When in the open they ^ould ivear gloves, 
sleeves, dark-colored veils, etc. Keratoses, epitheliomas and ulcera- 
tions should be destroyed as soon as detected. This can be done, as a 
rule, with electrodesiccation. 


miscellaneous conditions 

The skin of elderly persons may show atrophy, permanent freckles 
and keratoses The condition is usually more pronounced on 
e face and hands, although it may occur on the trunk and, in fact, on 
niost any part of the body. It may occur in those who have never 
een exposed very much to actinic rays It resembles sailors’ skin and 
known, simply, as senile skin. Occasionally it begins between the 
without apparent reason. This has been called pre- 
tiaul: . keratoses occurring in such skin have the same poten- 

aiities as senile keratoses and are treated in the same manner. 
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Fic. 24 — Xerodeima pigmentosum. 
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Permanent freckles, with predilection for face, shoulders and backs 
of hands, may be a manifestation of senile skin or of farmers’ skin. 
They occur mostly after the age of 6o, although they are fairly com- 
mon at 40 and 50. Occasionally one of these pigmented macules may 
change to a keratosis and the latter may give rise to cancer. However, 




FiQ *s —Neurofibroma. 


Fic 26.— Same as Fig. 25 After excision. 







Fig 27 — Neurofibroma Fic. 28 — Same as Fig 27 After excision 

^^PPens SO seldom, that it is not necessary to treat a permanent 
K a keratosis develops. 

sebaceous adenomas are pinhead-sized, umbilicated papules seen 
ost frequently on the forehead of middle-aged and old persons. The 
en*?b 1*^ that of normal skin. We think that we have seen 

fiat i develop in these lesions. The condition is to be differen- 

ed from adenoma sebaceum. 
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Lesions falling in the category of multiple benign cystic epithelioma 
— tricho-epithelioma; syringocystoma, etc. — occasionally change to a 
malignant neoplasm, usually basal-cell epithelioma. The same is true 
for certain endotheliomas. In fact, there are a large number of benign 
lesions such as fibroma, neurofibroma, fibroxanthoma, etc., that may, 
under certain conditions, give rise to cancer. However, none of these 
lesions is considered dangerous unless repeatedly irritated over a 
long period of time. Paraffinoma has been known to change to cancer. 
Cancer has been reported in cases of Darier’s disease (keratosis follic* 
ularis). Acanthosis nigricans in adults usually indicates cancer of the 
viscera. 



3971 


Fic 33 — Syragocystoma 



fCbapter 18 
LVoluae II 


Cutaneous Malignant Neoplasms 


Cutaneous Malignant Neoplasms 

General Therapeutic Considerations. — In the past, dermatologists 
and others treated cutaneous cancer with the method with which they 
were most familiar, regardless of type, size, depth and location of the 
lesion. Thus the surgeon always employed the scalpel, the roentgenol- 
ogist depended solely on roentgen rays, the radium specialist used 
only radium, the diathermy enthusiast insisted on the use of surgical 
diathermy and so on. The same statement is true today but to a lesser 
degree. Statistics show that excellent results may be obtained in 
properly selected cases with any of these methods when expertly 
applied. The results are not so good in unselected material. There is 
no best method for the treatment of unselected cases of cutaneous 
malignant neoplasms. Any one method or a combination of methods 
may be the best procedure for an individual case. The physician who 
has had extensive experience with all the recognized methods of treat- 
ing malignant neoplasms of the skin and orificial mucous membranes, 
and who is thoroughly acquainted with the clinical and histologic char- 
acteristics of such neoplasms and the conditions that may cause them, 
is in a position to employ discriminating judgment and to obtain the 
best results. Undoubtedly statistics will improve when every physician 
who attempts the management of cutaneous cancer possesses this com- 
prehensive ability. Here, too, there is need for more and better post- 
graduate instruction. 

The recognized methods of treating cutaneous malignant neoplasms 
are scalpel surgery, surgical diathermy, roentgen rays and radium. 

Roentgen Rays. — Roentgen rays are satisfactory for many basal- 
cell epitheliomas. Small superficial growths may be treated with un- 
filtered radiation. Moderate or heavy filtration is preferable for thick 
or deep-seated lesions. It seems that approximately the same results 
are obtained by large doses administered at intervals of two or more 
months or by smaller doses so spaced that an intense effect is obtained 
in a week or two (fractionation). It should be emphasized that when 
a lesion fails to respond favorably to treatment that should be ade- 
quate, the treatment should be discontinued. When containing squa- 
mous cells, when involving cartilage and other subcutaneous structures, 
and when composed of hard nodules, basal-cell epitheliomas are likely 
to resist roentgen rays. Many basal-cell epitheliomas will disappear with 
hardly a trace as a result of roentgen-ray therapy; but the cosmetic 
result is occasionally disappointing because of atrophy and telangiec- 
tasia subsequent to radiation, and scarring caused by the disease. 

Roentgen rays produced by very high voltage, and heavily filtered, 
are very usp^uI for selected cases of squamous-cell epithelioma and, 
also, for inopi-able cases. 
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Radium. — In general, what has been said relative to roentgen rays 
may be repeated for radium. Radium is the more preferable of the two 
agents for unselectcd cases of cutaneous squamous-cell epithelioma. 
It can be used in locations that are inaccessible to roentgen rays. 
There is better opportunity for cross-fire, radon implants may be used, 
there is greater penetration, and so on. For selected cases, assuming 
proper facilities and expertness, the results are probably approximately 
the same uith either agent. It may be interjected that the facilities 
and skill required for the modern roentgen-ray and radium treatment 
of squamous-cell epithelioma, even of the skin and orificial mucous 
membranes, are so exacting that they are found in comparatively few 
medical institutions and private offices. In the near future it may be 
possible to employ, in practical work, roentgen rays produced a 
million or more volts and filtered with hea\y metal of considerable 
thickness. Such radiation will compare favorably in penetrability with 
heavily filtered gamma rays. 

Surgical Diathermy. — The production isithin the tissue, by means 
of a high-frequency current, of an amount of heat sufficient for de- 
structive purposes, is known as surgical diathermy. Three forms of 
surgical diathermy are universally employed. They have been desig- 
nated electrocoagulation, cutting current and electrodesiccation. The 
first two depend on current obtained from various parts of the primary 
winding of the high-frequency transformer. Either of these currents 
may be bipolar or monopolar, damped or undamped. The current for 
eleclrodesiccation is monopolar and It is obtained from the secondary 
Viinding of the high-frequency transformer. 

With electrodesiccation it is possible, by surface sparking, to de- 
hydrate or mummify a pinhead-sized superficial area, or a fairly ex- 
tensive superficial lesion. By multiple insertions of the active needle 
electrode, one may destroy rather large, thick lesions. The method is 
employed mostly for the destruction of small, superficial benign 
gronths, potentially dangerous lesions such as leukoplakia, keratoses, 
etc., and small superficial epitheliomas of the basal-cell type. It is 
being abused by many physicians who employ it mistakingly for elec- 
^^®^®®gulation and who use it without any form of anesthesia. 

The current for electrodesiccation has an exceedingly high voltage 
and a comparatively low milliamperage. That for electrocoagulation 
has a lower voltage but a higher milliamperage. The cutting current 
lower voltage and higher milliamperage. 

The electrocoagulating current, when used as a surface spark, de- 
hydrates to some extent, but (he principal effect is that of rather 
widespread coagulation of tissue, especially when the active needle 
ectrode is inserted into the tissue as is usually done. The gross change 
. 1 " L ^ blanching or whitening of the tissue which 

ler Sloughs. Electrocoagulation seals the blood vessels and lymphatic 
-sseis. It IS used mostly for the destruction of malignant neoplasms. 
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It is customary first to establish a line of deep coagulation beyond the 
periphery of the lesion; the entire lesion is then coagulated and re- 
moved with the cutting current, scalpel or curet, after which the 
wound may be electrodesiccated or superficially electrocoagulated. 
Coagulation can be performed with the bipolar current, using either a 
single or bipolar active needle electrode or with monopolar current 
from the same source. 

The cutting current cuts like a knife and causes enough coagulation 
to seal the small blood vessels and lymphatic channels. Theoretically 
at least, there is less chance of metastasis during the application of 
surgical diathermy than with the scalpel or curet. Excision wth the 
cutting current is comparatively bloodless. It is possible to obtain 
primary union, especially if the edges of the wound are freshened with 
the scalpel or scissors. 

Surgical diathermy can be employed satisfactorily when scalpel 
surgery would be difficult or impossible. When using high-frequency 
currents for destructive purposes, one is likely to think in terms of 
physical therapy rather than in terms of surgery, which may lead to 
careless technic from a surgical standpoint. Surgical diathermy is 
surgery, and to it should be applied the principles of general surgery. 

Good resultS'tnay *be obtained by the use of the actual cautery. 

She^ell Method. — There is another therapeutic method occasion- 
ally ‘u^d' fiy'dermatologists for selected cases of cutaneous cancer 
which may.be^placed among the conventional methods. We refer to 
the .Sherwell method. It consists of the removal of as much of the 
riedplaitic tissue as is possible with curet, scalpel, scissors, and high- 
frequency current, after which acid nitrate of mercury is applied for 
at least five minute. The wound is then covered with a thick layer of 
bicarbonate of soda, over which is placed a dry dressing. Instead of 
acid nitrate of mercury, Morrow and Taussig*'* employ chemically 
pure ted crystals of chromic acid, while Angle and others use a 
saturated aqueous solution of zinc chloride. 

Contraindicated Treatment. — ^Some physicians advocate the use 
of physical therapy agents for the treatment of cutaneous cancer that 
have been given a fair trial by dermatologists who find that they are 
unsuitable for the purpose. Among these agents are solid carbon 
dioxide, electrolysis and ultraviolet radiation. 

Biopsies. — When possible it is advisable to make a microscopic 
e.xamination before instituting treatment. This is the only way m 
which a definite diagnosis can be made. Also it is the only way m 
which the grade of malignancy can be accurately determined. When 
the lesion is small and suitably situated, the biopsy might well con- 
sist of complete excision with the scalpel. Examination of serial sec- 
tions provide*' invaluable information relative to invasiveness, metas- 
tasis, and con'i lete or incomplete removal, in addition to determining 
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the grade of malignancy based on cytology, tissue reaction and other 
features. 

Many physicians aver that a biopsy made with scalpel or biopsy 
punch is dangerous; that such procedure favors dissemination of the 
malignant cells. They prefer to remove the piece of tissue with the 
cutting current. It is now the consensus of opinion of those who have 
had extensive experience that a biopsy made with scalpel or biopsy 
punch is not dangerous when properly performed. The instruments 
must be sharp and the lesion must not be squeezed, massaged or 
unduly manipulated. The cutting current, unless the excision is very 
wide, is likely to interfere seriously with the microscopic study be- 
cause of coagulation of cells. 

Classification op Cutaneous TMalignant Neoplasms 

There is, as yet, no universally accepted classification for malignant 
neoplasms of the skin and orificial mucous membranes. In this chapter 
the following conditions will be discussed: 

1. Basal-cell epithelioma 

2. Basal-squamous-ccll epithelioma 

3. Squamous-ccU epithelioma 

4- Transitional-cell epidermoid carcinoma 

5. Paget's disease 

6. Bowen's disease 

7- Melanomas 

8. Sarcomas 

BASAL-CELL EPITHEHO^ 

The term basaUcdl epithelioma includes names such as Jacob’s 
nicer, cancroid, rodent ulcer and benign skin carcinoma, all of which 
are now obsolete. 

Krompecher,^® in 1902, was the first investigator to separate basal- 
cell epithelioma from other epithelial cancers. His work has done a 
peat deal to clarify our knowledge of the malignant cutaneous new 
growths. 

The basal-cell epithelioma is relatively benign and causes death only 
by hemorrhage, involvement of important parts such as the articula- 
tious and orbit, or when complicated by septic infection. The affection 
rarely involves the mucous membranes primarily, although secon- 
involvement of these structures is common. In other words, basal- 
epithelioma practically always begins in the skin. Metastasis is 
rsre in basal-cell epithelioma of pure type. The prognosis both for 
*|‘e and for permanent cure is excellent but must be guarded when 
lesions. It is not necessary to treat every basal- 
epithelioma. They should be treated when occurring in patients 
VP ye^rs of age. Small, superficial lesions in old and 

ry old persons, especially when multiple, may be let alone and kept 
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under observation. Evolution is likely to be so slow that the lesion will 
not become serious during the patient’s remaining years. Ulcerated 
lesions, deep lesions, and lesions that have involved or threaten to 
involve important structures should, of course, be destroyed, regard- 
less oi age. Lesions that are in skin that is thin — ^nose, forehead, eye- 
lids, ears, etc. — should be Avatched carefully or destroyed, otherwise 
underlying important structures may become involved. 

The neoplasm originates from the basal-cell layer of the epidermis 
— most likely from cells that were predestined to form cutaneous 
appendages. It also arises from the basal-cell layer of the epithelium 
of the cutaneous appendages — sebaceous glands and ducts, and sweat 
glands and ducts, especially from the sebaceous glands. 



'if 


Fic 34 — Flat type of basal-cell epithelioma 

Under the microscope the lesion consists of basal cells that fail to 
develop into squamous or prickle cells; therefore, there is no kera- 
linizalion; no whorls. As a rule, there is considerable tissue reaction 
around the neoplasm. 

Clinically, the affection varies considerably in appearance due both 
to clinical type and stage of evolution. Usually the evolution is e^* 
ceedingly slow — very slow extension over a period of many months, 
usually many years. The affection is most common during or after 
middle life. It is quite common in the third and fourth decades and 
occurs occasionally during late adolescence. The sites of predilection 
are the face and trunk, although it may occur on almost any part of 
the body surface. Males are affected more frequently than arc females. 
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Hazen ° classifies basal-cell epithelioma into seven clinical types: 

1. Flat type 

2. Nodular 

3. Ulcer with rolled edge 

4. Lesion resembling a depressed scar 

5. Morphea-like epithelioma 

6. Fungating tumors 

7. Deep type 



35 — Multiple basal-cell epithelioma of the flat type — multiple epitheliomatosis cutis. 


Flat Type. — The flat type consists usually of a broivn-colored 
fuacule with a delicate rolled edge The edge is slightly elevated, 
somewhat translucent. In color and appearance the edge 
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suggests mother-of-pearl. They range in swe from the head of a pin 
to split-pea, silver quarter, fifty-cent piece, silver dollar and larger. 
The bulk of the lesion may be flat (macular), slightly elevated, 
smooth, scaly or crusted. It may be studded with pearly nodules and 
it may ulcerate. As a rule the lesion is dry, but it may be exudative. 
The lesion spreads very slowly by peripheral extension. The center 
may cicatrize. The lesions very often are multiple; frequently there 
are many lesions. 

This type of basal-cell epithelioma is also known as multiple epithe- 
liomatosis cutis, and serpiginous cicatrizing epithelioma. At times it 
resembles the so-called Bowen’s precancerous dermatosis, extramam- 
mary Paget’s disease, keratosis seborrheica, psoriasis, syphilis, tuber- 
culosis, etc. As a rule the clinical diagnosis is easily made. Occasionally 
a biopsy is necessary. If so, it is essential that tissue from the margin 
be examined rather than tissue from the center of the lesion. The 
flat type is very superficial and usually remains so for many years. 
Eventually it may become nodular or ulcerative and may invade the 
subcutaneous tissues. 



Fic 36— Basal-cell epuhdioma— a pinhead- Fic 37.— Basal-cell epithelioma-^ single 

sized nodule at right inner canthus. nodule with beginning ulceratio . 


Nodular Type. — ^Nodular lesions vary in size from pinhead to spht- 
pea, dime, silver quarter and much larger. The lesion may consist of a 
single small nodule, a single larger nodule or a closely crowded group 
of small nodules. The nodules are hard, shiny, semitranslucent, ele- 
vated and usually pearl-white or ^vaxy in color. They are called mot^r- 
of-pearl or xy nodules. There is usually some telangiectasia, i he 
lesion max nain nodular for years or it may undergo ulceration. 
The nodi' t>'pe is at times confused with nodular sj^hilis, lupus 
vulgaris and other affections. The clinical diagnosis is easily made as a 
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cicatrizing type. There may or may not be ulceration, nodules and a 
delicate rolled edge. Often the clinical diagnosis is difficult. Even the 
microscopic diagnosis may be difficult unless the area for biopsy is 
selected with care. 

Morphea-Like Type. — In this variety the lesions are flat, some- 
what round in contour and sharply marginated. The area may be 
atrophic and slightly depressed, or slightly thickened and elevated. 
The color is yellowish or pinkish-yellow and there is usually some 
telangiectasia. Sooner or later ulceration occurs. It is an uncommon 
type of basal-cell epithelioma. 

Fungating Type. — In this variety the lesion, which may be of 
almost any size, usually is an ulcer covered with a vegetating or 
fungoid mass, and associated with a foul-smelling exudate. Waxy 



Fic 41, — Deep type of basal-cell epithelioma. 

nodules may appear at the periphery or in various parts of the lesion. 
Occasionally, this type may be papillomatous, giving rise to a cauU- 
flower-like tumor; or it may be verrucous. It may be mistaken or 
squamous-cell epithelioma, tuberculosis, syphilis, blastomycosis, bromo- 
derma, iododerma and other a^ections. 

Deep Type. — This form may originate from any of the other 
or it may develop independently. In the latter case, when first detected, 
it consists of a small nodule deep in the skin or in the subcutaneous 
tissue. The surfact is usually red, perhaps atrophic and telangiectatic. 
The nodule incr ?.»es in size, spreading laterally and downward, in- 
volving the deei>er tissues. Eventually there is ulceration surrounded 
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by induration and extensive destruction of tissue. When developing 
from other types, a deep indurated ulcer is produced which gradually 
destroys important tissue. It is the deep ulcerating type that used to 
be called rodent ulcer. It directly and indirectly destroys subcutaneous 
tissue, cartilage, periosteum, the eye, and other important structures. 
When developing independently as a deep nodule it is often impossible 
to establish a diagnosis without the aid of the microscope. 

Treatment. — Selection of method for the treatment of basabcell 
epithelioma is based on a number of factors such as: circumference, 
thickness and depth of lesion, type (superficial, deep, nodular, ulcerat- 
ing, morphea-like, etc.), previous treatment, primary or recurrent 
growth, location and tissue involved, and age and sex of the patient; 
and, also, the desires of the patient. 

Scalpel Surgery. — A lesion that does not involve cartilage or peri- 
osteum, that is suitably situated and'that is not too large, may be 



Fic. 44 — BasaLcell epithelioroa of chin. Fio. 45- — Same as Fig 44 After sealpe 

excision. 


e.xcised with the scalpel and primary uruon obtained. If the skin hea 
normally and the surgical technic is proper, the ultimate scar ® 
conspicuous than that following electrocoagulation or electrodesicca- 
tion, unless the lesion is exceedingly superficial, in which case met o 
other than surgical excision are indicated. Excision with the swipe* nas, 
of course, limitations, but it has the advantage of permitting 
sections of the entire lesion. In this way one confirms or refutes ine 
diagnosis n*,'! ascertains whether or not the entire neoplasm has been 
removed 1 ' :hcre is doubt about complete removal, a larger excision 
may be i ..'de or roentgen rays or radium may be applied. ScaJpe 
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jery is especially efficacious for the deep type consisting of a small 
ule in the skin or subcutaneous tissue. 

'here are many cases in which an extensive neoplasm has involved 
ortant organs such as the nose, ear, eye, etc. The majority of such 
3ns have been previously treated with roentgen rays or radium or 
jical diathermy or with all three methods. In such instances the 
t results are usually obtained by removing or destroying all neo- 
>tic tissue by means of conventional surgery or with surgical dia- 
rmy, after which the deformity is corrected, as much as possible, 
3 plastic surgery. 


'austics. — Superficial lesions, such as the flat type, may be cured 
first thoroughly curetting, under local anesthesia, then applying 



’ Deep type of basaNcell epitbe- Fic. 47. — Same as Fjg. 46. After surgical 
Lotna of nose. diathermy. 


ic chloride, acid nitrate of mercury or, when very superficial, even 
chloracetic acid. The Sherwell method is used, as a rule, for deep 
^bat have involved important structures and In which other 
ithods have failed. The results are excellent when the cases are 
i’Perly selected. 

Surgical Diathermy. — This is a popular method among derma- 
ogists. Very superficial lesions are dehydrated by electrodesiccation, 
moved with the curet and the wound is again electrodesiccated. It is 
'portant to extend the destruction of tissue for at least a quarter of 
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by induration and extensive destruction of tissue. When developing 
from other types, a deep indurated ulcer is produced which gradually 
destroys important tissue. It is the deep ulcerating type that used to 
be called rodent ulcer. It directly and indirectly destroys subcutaneous 
tissue, cartilage, periosteum, the eye, and other important structures. 
When developing independently as a deep nodule it is often impossible 
to establish a diagnosis without the aid of the microscope. 

Treatment. — Selection of method for the treatment of basal -cell 
epithelioma is based on a number of factors such as: circumference, 
thickness and depth of lesion, type (superficial, deep, nodular, ulcerat- 
ing, morphea-like, etc.), previous treatment, primary or recurrent 
growth, location and tissue involved, and age and sex of the patient; 
and, also, the desires of the patient. 

Scalpel Surgery. — A lesion that does not involve cartilage or peri- 
osteum, that is suitably situated and' that is not too large, may be 


Fic 44 — Basal-cell cplthehoma of cbm. 


Fic. 45 -Same as Fiff. 44- After scalpel 
etcision. 


excised with the scalpel and primary union obtained.^ If the skin 
normally and the surgical technic is proper, the ultimate scar is * 
conspicuous than that following electrocoagulation or electrodes^ * 
tion, unless the lesion is exceedingly superficial, in which case met o 
other than surgical excision are indicated. Excision with the scalpel » 
of course, limitations, but it has the advantage of permitting 
sections of the entire lesion. In this way one confirms or refutes 
diagnosis and ascertains whether or not the entire neoplasm has pee 
removed. If there is doubt about complete removal, a larger 
may be made or roentgen rays or radium may be applied. Sea pc 
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Roentgen rays and radium are very likely to fail when cartilage 
and periosteum are involved. 

The majority of operators favor the administration of large doses 
at intervals of one or two months — from one to six or eight times the 
erythema dose, depending on size of lesion, age of patient, location 
of lesion, thickness of filter, etc. Unfillered radiation is used for super- 
ficial lesions, while moderately heavy and heavy filtration are em- 
ployed for thick, deep-seated lesions. 

Some operators favor dividing the total dose for one month, admin- 
istering a fraction of the total dose every few days. This has been re- 
ferred to as the modified Coutard technic. It is claimed that by so 



— Ulcerated nodular basal- Fic. 49 — Same as F13 48 After two intensive 
epithelioma of left inner canthus. doses of roentgen ra>’s 


doing a larger total dose can be given without undue reaction, which 
IS probably true, and that there is a better chance of catching cells in 
me act of dividing, at which time they are more "radiosensitive.” 
However, there is no convincing evidence that this method gives results 
that are superior to large doses given once every month or two. When 
using a copper filter with very high voltage roentgen rays, it may be 
necessary, for technical reasons, to give a fraction of the total dose 
^'’^^day or two until the treatment is completed. 

'^en a basal-cell epithelioma fails to disappear as a result of two 
lurge doses of roentgen rays, or when it recurs more than once 
oilowing roentgen-ray treatment, it is advisable to resort to some other 
erapeutic method. Normal skin, except that in the immediate vicinity 
u the lesion, should be adequately protected. Roentgen rays should 
ball^ applied to the eyelids without proper protection for the eye- 
■j4he eye may be desensitized with a few drops of one or two per 
is”! solution. Then a brass-aluminum or lead glass eye shield 

^erilized, dipped in sterile olive oil and slipped under the eyelids, 
verdosage should be avoided. A third-degree roentgen-ray reaction 
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an inch beyond the macroscopic edge of the lesion. It is equally im- 
portant to carry the destruction downward into normal tissue. A recur- 
rence at the edge of a scar is soon detected. A recurrence or continua- 
tion under a scar is likely to do considerable damage before it is 
recognized. Many dermatologists also administer a single dose of 
unfiltered roentgen rays consisting of from one to three or four skin 
units — from about 300 to 1200 r, or the equivalent dose of gamma 
rays of radium. 

Lesions that are large, thick and deep are usually thoroughly electro- 
coagulated. The coagulated tissue is removed and the wound is again 
electrocoagulated. This may be accomplished under general or local 
anesthesia. Many physiciansprefertofinish thetreatment with a hyper- 
intensive dose of filtered roentgen rays — from two to eight skin units 
(140 Kv., 3 mm. Al, 1100 to 4400 r), depending on size of lesion and 
age of patient, or filtered gamma rays of radium in equivalent dosage. 

A lesion may, of course, be excised with the cutting current, fol- 
lowed either by primary union or healing by granulation tissue. _ 

Scars following the destruction or removal of a basal-cell epithelioma 
with surgical diathermy are likely to be disfiguring, especially when 
the lesion occupies the entire thickness of the derma or has invaded 
tissue under the skin. Very often they are hyperplastic or keloidal. 
Very superficial lesions may be destroyed with very little scarring. 

There is no way of knowing, when coagulation is used, whether or not 
all the neoplastic cells have b^een destroyed. On a number of occasions 
we have excised a scar left by such treatment and have found neoplastic 
cells in the scar tissue. It is possible that some malignant cells escape 
destruction in many cases that are permanently cured, but becaup they 
are entirely surrounded by dense scar tissue, they either remain dor- 
mant or perhaps eventually die. In any event, it is possible to obtain al 
least 85 per cent permanent cures in unselected cases of basal-cell epi- 
thelioma with this method. Many superficial lesions, especially the 
early ones, may be destroyed by the actual cautery. 

Roentgen Rays. — It is possible to cure at least 85 per cent of 
unselected basal-cell epitheliomas with roentgen rays. The percentage 
of cures in selected cases is, of course, higher. Hazen and Whitmore 
reported a series of 200 unselected cases with 86 per cent permanent 
cures. They obtained 93 per cent cures in selected cases. MacKee, 
in a series of 400 cases, obtained 87 per cent cures in unselected cases 
and Qt per cent in selected cases. Some authors report a much higher 
percentage of cures, 100 per cent, in fact, while others obtained only 
60 or 70 per cent. It is doubtful if it is possible to obtain 100 per cent 
cures in a large series of unselected cases of basal-cell epithelioma with 
either roentgen rays or radium. It may be possible to approach this 
figure with thoroughly modern roentgen-ray or radium treatmantj 
when the casw are selected and when in each case the diagnosis is 
made micro' 'opically. 
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BASAL-SQUAMOUS-CELL EPITHELIOMA 

has long been known that 12 or 15 per cent of basal-cell epi- 
)mas contain squamous or prickle cells. Curiously, it is just about 
percentage of cases that have proved unusually stubborn. Hamil- 
Montgomery found this type of epithelioma in 12.6 per cent 
series of 119 cases of skin carcinoma, most of which, clinically, 
of the basal-cell type. It is difficult, if not impossible, clinically 
ifferentiate between a pure basal-cell epithelioma and one of the 
l-squamous-cell type, especially in the early stages of evolution, 
^logically, one portion of a section may show only basal cells 
i another portion may show the characteristics of a squamous-cell 
th. Quoting Jlontgomery: “They represent a metamorphosis of 
I-cell epithelioma to squamous-cell epithelioma and are not de- 
rate forms of the latter.” It is necessary to study carefully the 
e section, sometimes several or many sections, otherwise the true 
re of the lesion may be overlooked. This type of epithelioma be* 
, looks and it may behave like a pure basal-cell epithelioma, but 
1 it behaves like a squamous-cell growth. That is, it may prove 
Icitrant and it may cause death. In the past there have been a few 
rts of metastasis occurring in cases of basal-cell epithelioma. It is 
mprobable that these lesions were of the basal-squamous-cell type, 
tie Uealwiecit be same as that recommended for 

imous-cell epithelioma. While, as a rule, the degree of malignancy 
Dt high, yet the prognosis should be guarded. 



so Basal-squamous-cell tpilhelioma Fic 51 — ^Same as F>c so Alter removal 
with cuttin:; current followed by roentgen- 
ray treatment 


SQUAMOUS-CELL EPITHELIOJIA 

^he term squamous-ccll epithelioma (prickle-cell epithelioma) sig- 
es a malignant growth originating from cells of the epidermis above 
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is likely to be more troublesome and more serious than is the usual 
basal-cell epithelioma. Very often a basal-cell epithelioma, when 
treated with roentgen rays, will disappear with only a slight cutaneous 
defect. Not infrequently, however, there is a scar, atrophy or telangi- 
ectasia. In other W’ords, while the chance for a good cosmetic result is 
excellent, the result in this respect may not be satisfactory. Of course, 
the cosmetic result depends on a number of factors — size of dose, 
location, age, sex, idiosyncrasy, character of the lesion, etc. 

Radium. — ^I n general, what has been stated about roentgen rays In 
the preceding section pertains, also, to radium. Assuming technical 
skill, proper equipment, and judgment in selection of cases, future 
statistics will be probably approximately the same for both agents. 

In certain locations better results can be often obtained with radium 
than with roentgen rays~lesions on the edge of the eyelid, lesions in- 
cluding the nasal or buccal mucous membranes, a lesion in the external 
auditory canal, etc. A tubular applicator may be placed in the external 
auditory canal. A cast or mold of the mouth can be^ made in which 
screened radium or radon Is embedded in proper position. The mold is 
held in the mouth during treatment. 

Very superficial lesions may be treated with a half-strength radium 
element applicator screened with o.i mm. AI. The applicator is held in 
contact with the lesion for one or two hours. Such treatment ^ves 
an intense beta-ray effect. Deeper lesions should be treated with gamma 
rays. The same applicator is screened with 2 mm. of brass and i mm. 
Al. This is held in contact with the lesion for from eight to twenty-four 
hours. If so desired the time factor may be divided so that an applica- 
tion of from two to four hours is given daily. 

Lesions that are very deep, thick or indurated are usually treated 
with radon. Radon tubes may be screened with 0.5 mm. Ag, r m^ 
brass and i mm. Al. Such a tube containing 100 me. radon is placed 
at a distance of 2 cm. from the lesion and held in place with adh^ive 
for a period of from 2 to 6 hours. Such treatment may be repealed in 
two weeks or a month". In selected cases implants or seeds each con- 
taining I to 2 me. of radon are embedded i cm. opart throughout the 
tumor mass. These seeds are not removable. Removable platinum 
radium needles may be used. Needles, each containing i or 2 mg. 
radium, are placed i cm. apart in the mass. These are sutured in place 
for from 96 to 144 hours. 

Grenz Rays. — The very long roentgen-ray wavelengths known as 
grenz rays have been used to some extent for the treatment of basal- 
cell epithelioma. The number of cases treated is too small and the 
length of time since treatment is too short for a fair evaluation ot 
the method. It is probable that they will be of little real value for this 
purpose. They have been used with apparent success for the treatment 
of very superficial basal-cell epithelioma, epecially of the upper eyelids. 
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Squamous-Cell Epithelioma 

the basal-cell layer, or from similar cells in the epithelial layer of the 
cutaneous appendages. Under the microscope, in addition to finger-like 
dowTi-groivths of the epidermis, it is seen that some of the cells become 
more or less keratini2ed, thus forming the characteristic whorls or 
pearl-like bodies. Tissue reaction is not so marked as in basal-cell 
epithelioma. 

Occurrence. — Squamous-cell epithelioma occurs about half as fre- 
quently as does basal-cell epithelioma. They develop most frequently 
in the mucous membranes of the lip and mouth. They arc seen less 
frequently on the penis, vulva, eyelids and nose. When occurring in 



Fic S4 — Squamous-cell epithelioma of rim of nght ear Note senile keratoses on face 


fi!^ 1^*^’ common locations are the scalp, dorsal surfaces of 

the hands, and the ear. Probably in the majority of cases the malig- 
nant growth is preceded by one of the so-called precancerous condi- 
lons, especially senile keratosis and leukoplakia. The majority of 
patients are over 35 years of age. Carcinoma of the tongue is relatively 
Uncommon in women. Statistics show that the affection is about three 
inies more common in males than in females. 

Characteristics. — The lesion may begin as an ulcer or as 
nodule. Ulcers are usually indurated. Nodules continue to grow in 
a tumor which may be hard or soft, and which as a rule 
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and perhaps even a day may mean the difference between life and 
death. 

As a rule, metastasis occurs in the regional lymphatics, but not in- 
frequently the first evidence of metastasis consists of a tumor of the 
bones or some organ. 

Occasionally, carcinoma attacks the skin secondarily from a focus 
in some other organ. An example of such secondary invasion is cancer 
tn cuxrassc. 

Prognosis. — Squamous-cell epithelioma is a very serious affection 
and even in favorable cases the prognosis must be guarded. It is of the 
utmost importance to detect the lesion, establish a microscopic 
diagnosis and completely remove or destroy the lesion while it is still 
local. Of course, there is no way of knowing how early metastasis 
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Fic. s6. — Squamous-ccll cpithehoma of left ring finger. 


may occur, but when the lesion, as revealed by the microscope, shows 
an intact basal-cell lining, no fmger-Iike processes and no invasiveness, 
it is probable that metastasis has not yet occurred. 

^ Sased on cytology, squamous-cell epitheliomas are of four recog- 
nized grades of malignancy. Clinical dermatologists recognize several 
grades of malignancy based on clinical features. As we have seen, 
^hen the lesion develops in sclerotic tissue, as in lupus, interstitial 
possitis, scars, “x-ray skin” and in some keratoses and some cases of 
*5“^oplakia and kraurosis, evolution is likely to be slow and metastasis 
delayed. Epithelioma developing in an apparently normal tongue is apt 
to be rapidly invasive. On the whole, the evolution of squamous-cell 
epithelioma of the apparently normal skin is not particularly rapid, 
ot occasionally a lesion will appear suddenly in apparently normal 
^in or membrane, invasion of neighboring tissue being rapid and 
etastasis occurring very early. 
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epithelioma 

rucous vegetating or papinSo®' '"frequently the lesion is v™’ 
lesion Occasionally there are sel^al ^ut a single 

or similar tissue, and when of ? occurring in scar tissue 

nancy, the growth may be s?ow of malig’ 

however, evolution is rapid an7me"lns^ ''' 

The lesion is always occurs early, 

disease invades pracdcally Tif tissue?* indurated. The 

periosteum, bone, viscera, I*.?“™e1?‘‘™ 
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“ 54 After removal with cutting current 


basal-cell epithelioma an^d syphilis, tuberculosis, 

gist can usually make a faiVW conditions. A dermatolo- 

proper way to avoid diacnosti^ curate clinical differentiation, but the 
fi.V happens in ^es nf "^’cro^copic examination, 

that the physician will wastf. v <ancer in a syphilitic patient, 

Pcutic lest; that is, he \wn J ® so-called thera- 

ment over a period of several ‘"tensive antisyphilitic treat- 

to rnake a microscopic examimtm”*^*/ advisable 

mind that squamous-cell enithpli ” once. It is important to keep in 
epithelioma is so serious that a month, a week 
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these cells would have to differentiate slightly before they reached a 
stale that compared favorably ^vith the normal basal cells. 

Melanocarcinoma arises from cells which have undergone marked 
dedifferenliation. These cells would have to differentiate to a great 
extent before they reached a biologic state of development comparable 
to that of normal cells. 

Since cellular differentiation plays such an important part in the 
grading of malignancies, it is important for the microscopist to be 
familiar with any deviation of the cellular structure from the normal. 

In the grading of malignant neoplasms, the proportion of cells that 
are differentiated is compared to those cells which are undifferentiated. 
The results are expressed thus: 

Grade i Carcinoma; The proportion of differentiated cells ranges 
from almost loo down to 75 per cent; that of the undifferentiated cells, 
from practically o up to 25 per cent. 

Grade 2 Carcinoma: The proportion of differentiated cells ranges 
from 7S down to 50 per cent; that of undifferentiated cells, from 25 
up to 50 per cent. 

Grade 3 Carcinoma: The proportion of differentiated cells ranges 
from 50 down to 25 per cent; that of undifferentiated cells, from 50 up 
to 75 per cent. 

Grade 4 Carcinoma: The proportion of differentiated cells is from 
25 per cent to practically o; that of undifferentiated cells, from 75 
to 100 per cent. 

For a more detailed explanation on the grading of malignancies, the 
reader is referred to Broders’ articles on the subject. 

Treatment. — For lesions that are microscopically diagnosed before 
they become invasive and probably before metastasis has occurred, 
excision with scalpel or the cutting current would seem to be the 
niethod of election. ^Yhen we encounter a small lesion that we think 
IS or might be epithelioma of the squamous-cell type we excise it \Yith 
a scalpel. If it cannot be excised in this manner it is done with the 
cutting current. Naturally, the excision is wide and deep. A careful 
histologic study is then made to establish diagnosis, to determine the 
grade of malignancy, to ascertain the degree of invasiveness if any, 
and the probability of metastasis already having occurred and, finally, 
to determine whether or not all malignant tissue has been removed. 
Subsequent treatment depends, naturally, on the result of the examina- 
tion. IVhen there is no or very little invasion and the malignant cells 
are well within the excision, no additional treatment is given, but the 
remains under observation. WTien in doubt, roentgen rays or 
radium is employed. 

Advanced cases may be treated with roentgen rays or radium, 
^th surgical diathermy or scalpel surgery, or with a combination of 
these methods, according to location, extent of involvement, grade of 
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Broders’ classification explains the difference in the malignancy 
of the same type of carcinoma in different situations. The grading of 
malignancies is based upon cellular differentiation. A dedifferentiated 
cell is one in which the functioning quality is decreased or absent and 
the reproductive or proliferative quality is increased. The basal-cell 
type of carcinoma shows that dedifferentiation is slight; therefore, 
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mucous membrane. The second stage includes more extensive lesions 
wth infiltration of the subcutaneous structures but not affecting the 
lymphatics. The third stage includes those cases having lymph gland 
involvement. All these cases were treated with roentgen rays alone. 

One hundred and eight patients were in the first and second stages. 
Four of these showed glandular metastasis at a later date and died. 
Eleven of the cases were in group three and all died. Roentgenotherapy 
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Fic 66 — Squamous-cell epilbelioma of tongue of 


woman. 
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nialignancy, etc. In this country excellent results have been obtained 
in cases of advanced carcinoma of skin and orificial mucous membranes 
by Clark, Pfahler,"* Quick,-- Wood, Regaud and others wth com- 
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Quick reports 2,741 cases treated over a period of 10 years from 
1917 to 1927. T^Yenty-one per cent are kno-ivn to be clinically free 
from gross evidence of disease; ii.8 per cent of the entire group have 
been free from clinical evidence of disease for periods of three to ten 
years. 

In this period of ten years, 473 tongue cases were treated; los-are 
free from clinical evidence of disease, 53 being beyond the three-year 
period and 32 beyond the five-year period. 

Regaud treated 344 cases of cancer of the tongue and floor of the 
mouth at the Radium Institute in Paris during a period of six years 



Fic. 69 — Aphthous ulcer lejcroblmR epithelioma 


(1920-1926). Eighty-two of these, or 23.8 per cent, were completely 
cured The method used was the implantation of radon in removable 
P|^^'^n\-iridium needles — the so-called radium puncture. If the glands 
the neck were involved and proved to be carcinomatous histolog- 
ically, then a block dissection was resorted to ^^^th the application 
ot a radium pack at a distance of 5 to 8 cm. from the skin surface, 
wegaud is of the opinion that distance radiation with a radium pack 
^ a w’ax mold will supplant the radium puncture method in the treat- 
j^ent of primary carcinomas. By using this method in the treatment of 
arcinoma of the lip he reports the following results: 

A. Operable Cases: 98 per cent cures of the primary localization; 
92 per cent cures of cases with cancerous adenopathy (operable 
cases with glands). 
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failed to cure all the cases having glandular involvement whether or not 
they were clinically present. 

The treatment is directed toward complete destruction of the local 
lesion and irradiation of the glands draining the involved area. Com* 
plete destruction may be accomplished by surgery, high-frequency 
currents, or by radium or roentgen rays. 

It can be said that there is no method of choice for the treatment 
of prickle-cell carcinoma. Frequently, the best treatment is a combina- 
tion treatment of surgical removal and application of roentgen rays 
or gamma rays of radium. For more detailed statistics and methods of 
treating cutaneous malignancies, see textbook by MacKee and mon- 
ograph by MacKee and Cipollaro.®** 

When carcinoma of the lip or mouth has invaded the cervical glands, 
Quick treats the neck from both sides with heavily filtered radiation 



Fjc. 67. — Squamous-cell epithelioma of Fic 68 — ^Same as Fie 67. After removal 
tongue cutting current. 


of maximum intensity consistent with tissue tolerance. Radium is pre- 
ferred to roentgen rays; but if sufficient radium element or radon Js 
not available, then heavily filtered high voltage roentgen rays should 
be used, for it is better to give “a good dose of roentgen rays than a 
poor dose of radium.” If only one node is involved and the carcinoma 
has not invaded the capsule, that node is removed surgically. If after 
irradiation there is a palpable node, then a unilateral block dissection is 
indicated. After dissection, filtered radon seeds are placed in suspicious 
places before the wound is closed. If the involvement is so extensive m 
the glands that the case is inoperable, then filtered radon seeds are 
placed throughout the cancer-bearing area. For all practical purposes it 
can be said that when cancer involves the glands on both sides 01 the 
neck, the case is inoperable and hopeless. Heavily filtered roentgen- 
ray therapy may be used palliatively. 
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TRANSITIONAL-CELL CARCINOMA 

This type of tumor arises from tissues having abundant squamous- 
cell tissue, as, for example, the tongue, floor of the mouth, tonsils, 
sinuses, ducts of mucous glands, etc. 

The rapidly growing forms of these lesions are difficult to recognize 
microscopically. Quoting from Ewing, these tumors “probably spring 
from gland ducts but may also arise from the general stratified layer 
of cells lining mucous surfaces. They form sheets of rather small cells 
which are cuboidal or spindle-shaped. They excite little growth of 
connective tissue. For these reasons they are markedly radiosensitive.” 

The primary lesion is usually very small, and metastasis is likely to 
occur early in the adjacent glands. The surface is finely granular and 
flat, giving the appearance of an erosion rather than an ulcer. Clinical 
evidence of infiltration is usually absent. This lesion is so small that 
it is frequently overlooked, and the first evidence of its presence to be 
noted by the patient may be glandular enlargement. 

In the treatment of this type of malignancy, the importance of a 
biopsy must be stressed. If the microscopic examination shows a transi- 
tional-cell epidermoid carcinoma, then the best treatment is radio- 
therapy combined with surgery. Gold radon seeds may be implanted in 
the tissues surrounding the primary lesion after its removal with 
surgical diathermy. Metastatic glands are treated \vith heavily filtered 
roentgen rays or radium. 


PAGET’S DISEASE 

Darier,-® Pautrier,® Fraser * and others have made careful studies 
of Paget’s disease of the nipple. As a result of these investigations, 
while there is no unanimity of opinion, the consensus is that Paget’s 
disease of the nipple is a carcinoma of the intra-epidermal portion 
of the mammary duct; also, that Paget’s disease is cancer from the 
very beginning. The distinctive microscopic picture includes the so- 
called Paget cell. These are sharply defined, large epithelial cells 
which contain a single, large, deeply stained nucleus. 

Paget’s disease of the nipple occurs rarely in men. Most of the 
cases occur in women. It is an uncommon rather than a rare disease. 
Both breasts may be attacked. It seldom occurs before the age of 35. 
Evolution is slow, but sooner or later there is evident carcinoma of 
the breast with metastasis to the axillary glands. 

The clinical picture is not always the same. The usual picture is that 
of a sharply marginated eczema surrounding the nipple. The eruption, 
however, does not yield to any of the therapeutic agents employed 
for eczema, including small doses of roentgen rays. The stubbornness, 
location, age of the patient, sex, sharp margin, persistent erosions. 
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B. Cases of doubtful operability including those with glandular 
metastasis, 72 per cent cures. 

C. Inoperable Cases ; 1 7.8 per cent cures of the primary localiza- 
tion considered by itself; 14.2 per cent cures of both primary 
and metastatic lesions. 

Carcinoma of the penis is always of the squamous-cell type. It is 
found to be more prevalent among those who have not been circum- 
cised in childhood. A tight prepuce is considered by some to be an 
important etiologic agent. Of all cancers in the male, 1 to 3 per cent 
are those of the penis. When these lesions are treated early, they 
respond well to roentgen rays and radium. The vast majority, how- 
ever, do not seek expert advice until after the disease is quite advanced 
with involvement of the deep tissues and inguinal glands. 

Pfahler and 'Widmann report nine cures of ten cases treated. 
Their method consisted, in the majority of cases, of amputation of 
the penis by surgical diathermy and the application of roentgen rays 
to the inguinal glands. In some cases, amputation was preceded by 
irradiation. These results excel those obtained by surgery alone. 

Some cancer experts prefer to administer a large dose of roentgen 
rays or radium to a tumor before the lesion is removed or destroyed 
with scalpel surgery or surgical diathermy, especially when there is 
no evidence of metastasis. The rationale of such procedure is that any 
cells that remain in situ or that may enter the blood stream or 
lymphatic channels have received a dose of radiation that may prove 
lethal or that \vill at least be inhibitory. The idea is a good one, but 
there are no convincing statistics in support of the method. 

The dose either of roentgen rays or of radium must, of course, be 
decided and administered by an expert. Experience has demonstrated 
the fallacy of producing extensive third degree reactions. In many 
instances the dose may be well within tissue toleration. In other in- 
stances the dose must be very close to the limits of toleration, 
roentgen rays, the dose ranges from a few times to many times that 
required for erythema, depending on the size of the area treated, the 
age of the patient and particularly the quality of the radiation, i.e., 
the voltage and amount of filtration. With radium and radon packs 
(distant treatment), the dose ranges from a few hundred to severa 
or many thousand milligram or millicurie hours. The dose depends on 
the character of the lesion and the dimensions of the surface to be 
e.xposed, the amount of filtration and the distance between the pac' 
and the skin or mucous membrane. When gold or platinum radon see s 
or implants are employed, it is customary to implant one seed for 
every square centimeter of tissue. They are implanted aU through the 
lesion and around its periphery. The amount of radon in each seed 
varies from 0.75 millicurie to 1.5 or 2 millicuries. 
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TRANSITIONAL-CELL CARCINOMA 

This type of tumor arises from tissues having abundant squamous- 
cell tissue, as, for example, the tongue, floor of the mouth, tonsils, 
sinuses, ducts of mucous glands, etc. 

The rapidly grow'ng forms of these lesions are difficult to recognize 
microscopically. Quoting from Ewmg*“ these tumors “probably spring 
from gland ducts but may also arise from the general stratified layer 
of cells lining mucous surfaces. They form sheets of rather small cells 
which are cuboidal or spindle-shaped. They excite little growth of 
connective tissue. For these reasons they are markedly radiosensitive.” 

The primary lesion Is usually very small, and metastasis Is likely to 
occur early in the adjacent glands. The surface is finely granular and 
flat, giving the appearance of an erosion rather than an ulcer. Clinical 
evidence of infiltration is usually absent. This lesion is so small that 
it is frequently overlooked, and the first evidence of its presence to be 
noted by the patient may be glandular enlargement. 

In the treatment of this type of malignancy, the importance of a 
biopsy must be stressed If the microscopic examination shows a transf- 
tionahcell epidermoid carcinoma, then the best treatment is radio- 
therapy combined with surgery. Gold radon seeds may be implanted in 
the tissues surrounding the primary lesion after Us removal with 
surgical diathermy. Metastatic glands are treated wth heavily filtered 
roentgen rays or radium. 


PAGET’S DISEASE 

Darier,-® Pautrier,- Fraser * and others have made careful studies 
of Paget’s disease of the nipple. As a result of these investigations, 
wlule there is no unanimity of opinion, the consensus is that Paget’s 
disease of the nipple is a carcinoma of the intra-epidermal portion 
of the mammary duct; also, that Paget’s disease is cancer from the 
very beginning. The distinctive microscopic picture includes the so- 
cafled Paget cell. These are sharply defined, large epithelial cells 
which contain a single, large, deeply stained nucleus. 

Paget’s disease of the nipple occurs rarely in men. Most of the 
cases occur in women. It is an uncommon rather than a rare disease. 
Both breasts may be attacked. It seldom occurs before the age of 35. 
Evolution is slow, but sooner or later there is evident carcinoma of 
the breast wth metastasis to the axillary glands. 

The clinical picture is not always the same. The usual picture is that 
of a sharply marginated eczema surrounding the nipple. The eruption, 
however, does not yield to any of the therapeutic agents employed 
for eczema, including small doses of roentgen rays. The stubbornness, 
location, age of the patient, sex, sharp margin, persistent erosions. 
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infiltration, retraction of nipple and, perhaps, some pain should make 
one suspicious of the true nature of the aft'ection. Instead of an eczema- 
like eruption the condition may consist of infiltration of the nipple, or 
the nipple may be keratotic or verrucous, and is usually retracted. 
It is unwise to depend on clinical diagnosis. WTien a nipple or a breast 
has been normal and becomes abnormal, and the condition does not 
respond immediately to conventional treatment, a careful microscopic 
study of the tissue should be made. 

Treatment. — Cases have been permanently cured with roentgen 
rays and radium, but such treatment is uncertain. It is now the con- 
sensus of opinion among dermatologists that as soon as the diagnosis 
is established maslcctom 3 ' with removal of axillar\’ glands should be 
performed. 

Extramammary Paget’s Disease. — Paget’s disease has occurred 
on the penis, scrotum, perineum, pubic region, umbilicus, lip, nose, 
cheek, forearms, trunk, ears and tongue. In fact, it may occur in 
almost any location. In such instances, the growth begins in the 
epithelium associated ^Wth the cutaneous appendages. Clinically, e.xtra- 
mammary Paget’s disease may resemble Bowen’s disease, eczema, 
TftOTtasis, basal-cell epithelioma, squamous-cell epithelioma and other 
diseases- As a rule, the diagnosis can be established by microscopic 
examination. 

Treatment consists of removal or destruction of the lesion with 
surgical diathermy or scalpel surgerj'. 
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BO\VEN*S DISEASE 

Originally, this condition was thought to be a forerunner of cancer. 
It was knoivn as Bowen’s precancerous dermatosis. It is now known 
to be cancer from the beginning — an intra-epidermal carcinoma. There 
may be a single lesion or multiple lesions. They are most common 
on the trunk and extremities but may occur in almost any location, 
even in the orificial mucous membranes. Clinically, they resemble the 
flat type of basal-cell epithelioma — multiple epitheliomatosis cutis. 
They have a well-defined margin and a dark-red color. They may be 
dry and scaly or edematous, exudative and eroded. As a rule, there is 
very little infiltration, especially in the early stages. Evolution is slow 
and the degree of malignancy is low. Metastasis does not occur. Clin- 
ically, the affection must be differentiated from basal-cell epithelioma, 
squamous-cell epithelioma, eczema, psoriasis, and other dermatoses. 
The disease can be cured >vith roentgen rays, radium or with electro- 
desiccation. 
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MELANOMA 

The term melanoma is ordinarily used to desi^ate a pigmented 
malignant neoplasm. Benign melanomas include pigmented nevi, the 
blue nevms of Tieche and the mongoltan spot, while malignant mel- 
anomas include melanocarcinoma, nevocarcinoma, melanosarcoma and 
nevosarcoma. Melanomas probably all arise from a specific mesoblaslic 
cell, the chromatophore. The term melanosarcoma has been used in- 
correctly as a synonym for melanocarcinoma. Melanosarcomas are 
rare and arise in the choroid coat of the eye and in the blue nevus ot 
Ti«he.*** 
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The type of nevus that most frequently gives rise to melanoma is 
the blue-black or slate-colored, smooth, flat, hairless mole. Metastasis 
is likely to occur early. The prognosis is grave. Melanomas may occur 
at almost any age. Occasionally such an innocent condition as granu- 
loma pyogenicum may markedly resemble a melanoma. 

Lesions of this type have, been cured with roentgen rays and mth 
radium, but such treatment is very uncertain, as melanoma is radio- 




Fic 8 i — Granuloma p>ogcnicum resembling melanoma. 


resistant. Perhaps the best treatment consists of the administration 
of a large dose of heavily filtered radium or roentgen rays, followed oy 
e.Tcision with the cutting current. Itlalignant cells may be found some 
distance from the periphery’ of the lesion, especially in the subcutane- 
ous tissue. Therefore, the excision should be wide at the surface an 
wider below— cone-shaped excision. It should extend down at least to 
the muscle. The excised tissue should then be carefully examinct 
under the microscope to ascertain, so far as possible, whether or not 
all the malign.int cells have been removed. UTiei) diagnosed before 
metastasis has oc nrred and before there has been much local spread- 
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ing, it is possible to obtain a permanent cure. After metastasis has 
occurred very little can be done. Metastatic lesions soon occur in the 
viscera and various parts of the cutaneous surface. 

SARCOMA 

Sarcomas of the skin are the least common of the cutaneous malig- 
nant neoplasms. They are formed of immature connective tissue cells. 
In the nonpigmented tumors, the cells may be of the small or large 
round variety, spindle-shaped or the mixed-cell type. The small round- 
cell sarcomas are the most malignant and the fibrosarcomas and giant- 
cell sarcomas the least malignant. The more the cellular structure re- 
sembles adult tissue, the less the malignancy. 

The follouing classification of cutaneous sarcoma has been sug- 
gested by De Amicis: 

1. Localized or multiple nonpigmented sarcoma. 

2. Melanotic sarcoma. 

3. Multiple hemorrhagic sarcoma of Kaposi. 

Localized Nonpigmented Sarcoma. — This variety is the most 
benign. It appears as a single localized tumor, pea- to lemon-sized, 
usually the color of normal skin. Early surgical removal offers the best 
outlook. 

Multiple Nonpigmented Sarcoma. — In this type the lesions vary 
in number from a few to several hundred. These lesions may develop 
following the appearance of a single primary growth. They are pin- 
head- to egg-sized and are round or oval. The overlying epidermis is 
smooth and shiny, and telangiectases are frequently present. The out- 
look is serious. Coley’s serum may be tried, but it is doubtful if 
any benefit can be derived from it. Roentgen rays may be used pal- 
natively. 


Melanotic Sarcoma, — This is the most malignant of the sarcomas. 
Lesions usually start in the choroid layer of the eye or in the blue 
nevus of Tieche. The cutaneous lesions are pinhead- to egg-sized, 
consistency and blackish in color. The shape is oval or round 
and slightly elevated. These cases end fatally practically always, unless 
detected very early, Coley’s serum may be attempted. Little can be 
done except in a palliative way. 

Multiple Hemorrhagic Sarcoma of Kaposi. — This affection is 
not very malignant. The sites of predilection are the extremities. It 
^ost frequently in males. The eruption consists of various- 
sized, infiltrated, lilac-colored, doughy plaques, or collections of several 
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The type of nevus that most frequently gives rise to melanoma is 
the blue-black or slate-colored, smooth, flat, hairless mole. Metastasis 
is likely to occur early. The prognosis is grave. Melanomas may occur 
at almost any age. Occasionally such an innocent condition as granu- 
loma pyogenicum may markedly resemble a melanoma. 

Lesions of this type have been cured with roentgen rays and wth 
radium, but such treatment is very uncertain, as melanoma is radio- 
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resistant. Perhaps the best treatment consists of the administration 
of a large dose of heavily filtered radium or roentgen rays, followed by 
excision with the cutting current. Malignant cells may be found some 
distance from the periphery of the lesion, especially in the subcutan^ 
ous tissue. Therefore, the excision should be wide at the surface and 
wider below — cone-shaped excision. It should extend down at least to 
the muscle. The excised tissue should then be carefully examined 
under the microscope to ascertain, so far as possible, whether or not 
all the malignant cells have been removed, ^^^le^ diagnosed before 
metastasis has occurred and before there has been much local spread- 
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or many firm, bean- to pea-sized, reddish or purplish nodules. Both 
types of lesions are usually present. Occasionally there is ulceration. 
Evolution is slow; the lesions persist for months and years; spontane- 
ous recovery may occur. There is always danger of a rapidly growing 
more malignant type of sarcoma as a complication. Roentgen rays are 
almost a specific for this disease. Arsenotherapy is said to be of value. 
(See article by MacKee and Cipollaro.-’*) 

Neurogenic Sarcoma. — ^These are tumors arising from nerve tissue 
and may appear on any portion of the body. They vary in size from 
that of a pea to an orange or larger. The color is the same as that 
of the normal skin. The prognosis is poor. True neurogenic sarcomas 
have a high mortality and have a tendency to recur along the nerve 
trunk. 

Dermatofibrosarcoma. — ^Darier reported four cases of dermalo- 
fibrosarcoma in 1924, Clinically, this condition is characterized by the 
development in the skin of small, hard infiltrating nodules which in- 
crease in size and number slowly to form a dense sclerotic, bluish 
plaque. Later on stalked, pedunculated or sessile nodules and tumors 
project from this plaque. These neoplasms are hard and may reach 
the size of an apple. The tumors are apt to recur after removal. 
Darier^* gave this condition the name “progressive and recurring 
dermatofibrosarcoma,” It is asymptomatic, does not affect the general 
health and does not metastasize. _ ^ 

It is difficult accurately to classify these tumors histologically. The 
picture is that of a fibromatous growth resembling very closely a 
spindle-ceil sarcoma in certain cases. 

The tumors are radioresistant; in fact, they do not respond to any 
form of therapy except as in the cases reported by Senear, Andrews 
and Willis,-® in which there was no recurrence after complete excision 
of the mass. 

Melanotic Whitlow (Melanoblastoma oC the Nail Bed). TWs 
is a malignant disease of the nail bed, which is characterized by the 
formation of nodules of neoplastic tissue with associated formation 
of melanin about the border and beneath the nail. These lesions are 
painful and the majority of the victims die in from four to ten years. 

Early surgical removal or amputation is the treatment of choice. 

Lymphosarcoma. — ^This condition usually arises in a single chain 
of lymph glands and occurs late in life. Lymphosarcoma is very malig- 
nant and markedly susceptible to radiation. The glands most f«- 
quently involved are the ceiidcal and axillary glands. If neglected, 
these go on to ulceration. 

Since this disease is radiosensitive, roentgen rays and radium are 
indicated. In some cases, isolated involved glands may be removed 
surgically. 
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FiC. 93. — Lympfaoblastoma. 


Miscellaneous Malignant Diseases. — ^The Spiegler-Fendt sarcoid 
is thought by some to be a benign type of sarcoma. Serious diseases oi 
the hematopoietic system and reticulo-endothelial system may cause 
tumors of the skin-aleukemia cutis, Hodgkin’s disease, mycosis lun* 
goides, lymphoblastoma^ etc. Many such conditions are temporarily 
amenable to roentgen-ray and radium therapy. 



CHAPTER NINETEEN 


ELECTROSURGICAL CURRENTS AND THE HISTOLOGY OF 
ELECTROSURGICAL ^YOUNDS 

John D. Ellis, M.D, 

For surgical purposes, a high-frequency current is an oscillating 
current having a rate of frequency above the threshold which pro- 
duces faradic response, due to conduction of the current into the tis- 
sues Its virtue lies in the effects resulting from the resistance of the 
tissues to the current, which manifests itself in the formation of heat 
and the local destruction of tissues of various and peculiar types. 

It is my purpose to deal with a distinction in effect upon tissues of 
the so-called cutting current and the coagulating current, in so far as 
such distinction can be made, and, in a rudimentary way, rsith the dis- 
tinction in the quality of the current which produces the cutting and 
coagulating effects. The production, technic, and tissue effects of 
fulgurating and dehydrating currents will be more briefly described. 
The commercial machines produced by different manufacturers vary 
greatly in construction and produce a correspondingly great variety 
in the quality of current. The ohmic resistance is often too great 
or too little to give the desired effect, and undesirable secondary 
faradic currents, with their resuUant neuromuscular response, are 
experienced when improperly constructed machines are used. For e.v 
ample, it appears that the only way in which the sustained oscillating 
current of radiotron machines can be employed for coagulating pur- 
poses is by raising the amperage and voltage to a point where charring 
of the tissues, which prevents a dissemination of the coagulating effect, 
soon results On the other hand, the spark-gap machine produces a 
current from which it is difficult to eliminate the coagulating effect 
of the damped current inherent in the spark-gap machine. The present 
lack of standardization is unavoidable because of the difficulty in 
accurately measuring amperage or voltage during operation of the 
machine, so that the proper strength of current used for coagulation 
or for cutting must be learned by experience with each individual 
machine. 

A very nice balance must be maintained between voltage and 
amperage, and also the capadty, inductance, and resistance must 
enter into the determination of the particular current used. 

■Ooyen's earliest machine, producing a high voltage and high fre- 
quency of oscillations but a low amperage, was equipped with a trans- 

’^mer, spark gap, and condenser, attached in circuit with an Oudin 




Cbapter 191 o 
Volume llj ^ 


The Cutting Current 

therefore, undamped oscillations. The cKcillating currents from radio- 
tron machines present a precisely determined wavelength. In contrast 
to this, the oscillations of the spark-gap machines are composed of 
a mixture of waves of different lengths. It is not to be supposed that 
in actual practice damping is the only factor which distinguishes the 
cutting from the coagulating current. The elevation of both amperage 
and voltage nithin certain limits, produces more coagulation, while 
the increase in frequency in the undamped current up to a certain 
optimum of several million per second tends to produce a more smooth 
and uniform cutting effect. The duration of the application of current 
to tissues and the density of current, as conditioned by the size and 
shape of the active electrode or cutting point, also function in the de- 
termination of the extent of the area of coagulation. By lowering the 
voltage of the coagulating current to a minimum, the slow heating 
effect on tissue produces what Clark called electrodesiccation, a de- 
hydrating change without electrocoagulation. 





Fic t — SMn of frog incised «ith a minimum amount of cutting current presenting 
section Mth a thin layer of coagulation such as would not be expected to prevent 
pnmary union 

, ft*'' * — stan divided with a dehydnUng ament The epidermal cells adjacent 
to Itie cut are changed in onentation, * 365 


General Effects of the Cottinc Current on Tissues 

The technic of electrical cutting is the most recent development in 
electrical surgery. Smooth cutting depends, in part, upon the fre- 
quency of the oscillations, and upon the adjustment of a spark-gap 
machine to a frequency of 50,000 to 80,000, while with a radi'otron 
machine exhibiting a frequency of often more than 1,000,000, the 
eVd handled just as a plain scalpel The electrode 

glides through the tissues wthout the necessity of pressure. One has 
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coil. Later he used the entire solenoid (Oudin coil) as a secondary 
coil, taking the current off at both ends, producing the so-called 
biterminal current. The earlier machine supplied a fulguration cur- 
rent, while the later one furnished the current we now call electro- 
coagulating. Charring of tissues in fulguration prevents penetration 
of the coagulating effect. 

The Cutting Current 

The production of the cutting current came many years later, and 
is just now being mdely discussed in German literature by Kuecken 
and Doederlein in the Gynecological Clinic of the University of 
Munich, and by Keysser, a former associate of Lexer. The principal 
French contributors are Champy and Heitz-Boyer, while in England 
some experimental work has been undertaken in London by Sampson 
Handley, Gordon Taylor, and Douglas Harmer. In America, several 
important surgeons are now interested in the possibilities of the cut- 
ting current. 

This cutting current depends, for its peculiar surgical effects and 
characteristic tissue changes, upon the amount of damping — or, 
rather, lack of damping — of its wave trains. It is safe to say that the 
more nearly a perfect, sustained, uninterrupted oscillation is exhibited, 
the more nearly the wound produced approximates that of a surgical 
scalpel. The exact wave forms produced by the various surgical ma- 
chines during their application have not yet been actually photographed 
with a cathode ray oscilloscope because of technical difficulties in 
projecting the shadows of the individual wave of oscillations at such 
high frequency as the ones now used, and because these oscillations 
are affected by various adventitious factors of damping and second- 
arily induced wave forms. 

The production of a high-frequency surgical current depends upon 
the oscillation of electrons, which perform a pendulum-like move- 
ment. There are two fundamentally different methods of obtaining 
these oscillations. In the first, just as the swinging of a pendulum gets 
smaller and smaller on account of the friction resistance, so in the 
spark-gap machine the oscillations of the electrons slowly decrease, 
because in the spark gap they are damped by air resistance. We deal, 
therefore, in spark-gap machines, with damped high-frequency oscil- 
lations. In the second method, undamped oscillations are generated 
by means of radiotrons. These machines employ the same radiotrons 
or radio tubes which are used in (be wireless and in broadcasting. 
We know that in radiotrons a pure current of electrons is flowing, 
which is rhythmically influenced by the continually changing charge 
of the grid between the anode and the cathode in the tube. This is 
the mechanism by which sustained oscillations are generated. Since the 
radiotron is evacuated as far as possible — that is, free from air — ^the 
oscillations are n it damped by air resistance of any kind, and are, 
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The Dehypratinc Cut 

By a slight change in voltage and amperage, a cutting current can 
be reduced with enough coagulating characteristics to seal the smaller 
blood vessels along the edge of the cut in an* area of so-called dehydra- 
tion, which is white and presents cells with shrunken contour and 
pyknotic nuclei, the fluid contents having evaporated. The skeleton 
contour of the cells is distinguishable. The cytoplasm stains vividly, 
while the nuclei are hyperchromatic. 

General Effects of the Coagulating Current 
ON THE Tissues 

This tissue effect is produced par excellence by a high amperage and 
a strongly damped current in a spark-gap machine, or by raising the 
voltage and amperage of the radiotron machine. A lower frequency 
of oscillations is necessary than for cutting purposes. Widespread 
coagulation can easily be produced with a spark-gap machine without 
charring or carbonification of the edges of the wound (Fig. 3). In the 
use of this, as in the cutting current, the electrode is brought in con- 
tact with the tissues, and then the circuit is closed. If the circuit is 
closed before the contact is made, sparking across from the electrode 
to the tissues may result in charring. This zone of charring interferes 
with the dissemination of the coagulating current and limits the coagu- 
lating effect. It is also improper to remove the electrode from the 
tissues until the current is opened. This sparking from the electrode 
to the tissues, besides the charring effect, also induces faradic e.'ttra 
currents and muscle jerking, which interfere with the delicacy of the 
operation. Small areas of coagulation assume the form of a half globe 
or an inverted cone, the base of which is on the surface of the tissue 
being cut. Two definite zones can be described in the coagulating effect. 
The inner zone is blanched and the zone external to this is hyperemic 
m appearance. The inner zone, in histologic preparations, presents a 
blue nuclear staining, e.g., hematoxylin, contrasting with the red eosin 
staining of the intact tissue. The tissues so affected are somewhat 
shrunken and the nuclei have lost their definition and stain poorly, or 
disappear. This is the typical picture of coagulation necrosis. The pro- 
teins are split, freeing blue staining acid radicals with a probable 
increase in the local hydrogen potential. According to Doederlein, the 
protein hydrosol is changed into a hydrogel. This inner zone passes 
over into an ill-defined outer zone of shriveled cells with pyknotic 
nuclei and a region of dilated vessels. “The faster the tissue dies, 
fte more it conserves its original form and shape" (Ernest). The pri- 
mary effect of the heat is identical with necrosis of ordinary skin 
urns. This applies to preparations made immediately after the opera- 
tion. Preparations made several hours or days later show the outer 
one being invaded by fibroblasts, round-cell accumulation, and for- 
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the impression that the tissue melts under the influence of the elec- 
trical current. Kirschner, for this reason, has given it the name of 
“melting cut.” This incision has the gross appearance of a scalpel 
cut (Figs. I and 2}. Kelly has called this procedure “acusection,” 
and Keysser has described it as “akutomy.” The histologic effects 
on tissues can be described in zones, the innermost being a zone of 
mechanical disruption of tissue and explosion of cells. The question 
of whether this effect is produced by molecular dissonation, due to 
the assumption by the molecules or atoms of the tissues of a new 
rate of vibration, causing dissolution of the molecular structure, as 
postulated by Oudin, or whether it is merely a thermal effect due to 
the sudden expansion of the cell when its liquid contents are converted 
to steam, as Jellinek thought, is speculative and need not interest us 
here. Just outside of this zone of tissue disappearance is a zone of 
elongation or attenuation of cells, (his drawing-out effect being seen 
principally in the nuclei which are more fluid than the cytoplasm. 
Kawamura described radiating lines of similarly attenuated cells run- 
ning out from areas of electrical injury in fatal cases. Depending 
upon the fluidity of the tissues, there is a varying amount of change 
in the orientation of these elongated cells, so that they come to lie 
parallel with the direction of the cut. This effect is seen at its maxi- 
mum in soft connective tissue or muscle, and cannot be produced in 
the stratum corneum of the skin. In parenchymatous organs, this elon- 
gation is transmitted along the nearby blood vessels, perhaps because 
the tissue surrounding the vessels is less resistant than the vessel wall 
itself. 

Wildermuth, assuming the resistance of a chemically pure physio- 
logic salt solution of a temperature of 18® C. (64.4® F.) as i, esti- 
mates the specific resistance of the various tissues as foIIo^vs : 


Fatty tissue i9-4 

Brain tissue 5-5“ 

Pulmonary tissue 3-S“’ 4-0 

Liver tissue 2*8- 3*3 

Skin 2.5- 3-0 

Muscle I.2- i-S 

Blood, approximately 


The higher the fluid or blood content of an organ, and the lower its 
fat content, the less its resistance to electric section. The great re- 
sistance in cutting through fat, as compared to muscle and skin, at 
first disturbs the surgeon habituated to the scalpel, which cuts lat 
more readily than muscle and skin. The variation of resistance to 
electric cutting necessitates a readjustment of the machine as one 
passes from s’ n into fat, and then into muscle or parenchymatous 
organ. 
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The DEmTRATiNc Cut 

By a slight change in voltage and amperage, a cutting current can 
be reduced with enough coagulating characteristics to seal the smaller 
blood vessels along the edge of the cut in air area of so-called dehydra- 
tion, which is white and presents cells with shrunken contour and 
pyknotic nuclei, the fluid contents having evaporated. The skeleton 
contour of the cells is distinguishable. The cytoplasm stains vividly, 
while the nuclei are hyperchromatic. 

General Effects of the Coagulating Current 
ON the Tissues 

This tissue effect is produced par excellence by a high amperage and 
a strongly damped current in a spark-gap machine, or by raising the 
voltage and amperage of the radiotron machine. A lower frequency 
of oscillations is necessary than for cutting purposes. Widespread 
coagulation can easily be produced with a spark-gap machine without 
charring or carbonification of the edges of the wound (Fig. 3). In the 
use of this, as in the cutting current, the electrode is brought in con- 
tact with the tissues, and then the circuit is closed. If the circuit is 
closed before the contact is made, sparking across from the electrode 
to the tissues may result in charring. This zone of charring interferes 
with the dissemination of the coagulating current and limits the coagu- 
lating effect. It is also improper to remove the electrode from the 
tissues until the current is opened. This sparking from the electrode 
to the tissues, besides the charring effect, also induces faradic extra 
currents and muscle jerking, which interfere with the delicacy of the 
operation Small areas of coagulation assume the form of a half globe 
or an inverted cone, the base of Avhich is on the surface of the tissue 
b«ng cut. Two definite zones can be described in the coagulating effect. 
The inner zone is blanched and the zone external to this is hyperemic 
m appearance. The inner zone, in histologic preparations, presents a 
blue nuclear staining, e.g., hematoxylin, contrasting with the red eosin 
staining of the intact tissue. The tissues so affected are somewhat 
shrunken and the nuclei have lost their definition and stain poorly, or 
disappear. This is the typical picture of coagulation necrosis. The pro- 
teins are^ split, freeing blue staining acid radicals with a probable 
increase in the local hydrogen potential. According to Doederlein, the 
protein hydrosol is changed into a hydrogel. This inner zone passes 
over into an ill-defined outer zone of shriveled cells with pyknotic 
nuclei and a region of dilated vessels. “The faster the tissue dies, 
e more it conserves its original form and shape” (Ernest). The pri- 
ary effect of the heat is identical with necrosis of ordinary skin 
urns. This applies to preparations made immediately after the opera- 
lon. Preparations made several hours or days later show the outer 
one being invaded by fibroblasts, round-cell accumulation, and for- 



ft fCh*ptM 19 
“ IVoJume II 


Electrosurgical Currents 


eign body giant*cell formations. Robertson and Boyd have isolated 
from the tissues coagulated by heat two immunologically specific toxic 
proteins. One, diffusible and thermostable, they term a “neuroto.xin,” 
and the other, thermolabile and colloidal, a “necrotoxin.” Pfeiffer, 
and Becky and Schmitz h»ave isolated a toxic protein from the urine. 



Fio. 3.— Dog skJn to which has bten applied an electrode bearing the least 
of cutting current which would leave a visible mark on the surface. A wJde w os 
necrosis results with less current than is required to seier the skin. Fragmentation o 
hair is seen Vacuolization appears in the conum; 


It is probable that these toxins produce the outer area of secondary 
necrosis. 

Nieden has pointed out that deep coagulation, even in the inner 
zone of complete necrosis, is always uneven. In experiments in asso- 
ciation with the physicist Weiss, he tried to account for the uneven- 
ness and the direction of penetration according to the distribution 
of stream lini-- | 'oduced by different shapes of electrodes and marke 
variation of r -latance displayed by the various tissues. This variation 
makes the <' .-ction of penetration and deep coagulation unpredict* 
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able, and the resulting tissue injury one of the most dangerous factors 
one deals wth in electrosurgery. After coagulation in the vicinity of 
large vessels, a fatal postoperative hemorrhage may occur as the 
result of an unexpected necrosis of the vessel wall. 

Specific Effects on Different Tissues 

Skin preparations were first studied in our experiments to determine 
the type of inj'ury produced by the minimum amount of cutting and 
coagulating current which would leave a visible impression on the 
surface. Later, attempts were made to incise the skin of the human, 



Fic 4 — Comparison of primary unions between electrosurgkal knife wounds, A, and 
scalpel control wounds, B. (Repnnted from JAMA. 96 16-18, 1931) 


dog, rabbit, and frog with a current producing a purely cutting effect 
^thout necrosis. In all skin possessed of a stratum corneum, i.e., in 
all types employed except that of the frog, specific cutting effect with- 
out coagulation could not be accomplished. A narrow margin of coagu- 
ation bounded every incision, although this ws narrower (a minimum 
01 I mm.) with the cutting than with the coagulating current. The 
stratum corneum, then, resists the disruptive effect of the cutting 
current until enough heat is produced by tissue resistance to cause 
coagulation. At the time of incision, the epidermis is blanched and is 
I because it is shrunken. The individual epithelial cells can no 
onger be discerned plainly in the stratum corneum, while in the 
rata mucosa and germinativa, the cells assume somewhat the ap- 
pearance of those in a normal corneous layer. The cells in the basal 
shrunken together and have dark, spindly nuclei. The fibers 
toe connective tissues of the corium are either coagulated adjacent 
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to the cut or have lost their fibrillary structure and appear as con- 
glomerate masses, often resembling hyalin in appearance. They can 
no longer be dyed red in a hematoxylin-eosin preparation, but turn 
slightly blue. Between these close-pressed masses appear shrunken 
nuclei. When the cut reaches into the fat, only the connective tissue 
of the fat is changed, the fibers being broadened, dyed blue, and con- 
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Fio 5— Tensile strength of wound healing in skin 0 ! dogs: The strength of healing • 
never varies more than too Gm average between the scalpel wound and the electrical 
wound. (Reprinted from 96: i6-iS> 19^1.) 



Fic 6 — The tensile strength of wound healing in skin of dogs; The 
healing is less when heavy debydralion (or electrodesiccation) is applied than w 
slight dehydration is used, as in Fig. 5. (Reprinted from J.A 3 I.A. 96 ' i6-i8> ^ 93 * 1 


taining pyknotic nuclei. In the stratum reticulare of the conum, flat' 
tened gas bubbles appear, Keysser and Schridde seem to be the first 
to describe this phenomenon, and Schridde saw it also in the ep^ 
dermis. In the skin of the rabbit, connective-tissue changes extend 
around the sweat glands at some distance from the region of the in- 
cision, and the hairs are fragmented in the changed area around the 
cut. 

The necros'' - roduced by the minimum of coagulating and cutting 
current which ,vill leave a visible impression on the surface of a* 
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the skins provided with a stratum corneum presents no difference in 
type of tissue injury from that of coagulation, described above. We 
conclude, then, that it is not possible to produce a purely cutting effect 
without some necrosis on a skin with a horny layer. This slight 
necrosis produced by the cutting current does not, however, always 
preclude healing by primary intention, as I found in another experi- 
ment performed to test the tensile strength of wound healing on dog 
skins. In this experiment 6o per cent of electrically produced wounds 
showed primary union in comparison with 97.5 per cent of primary 



7.--Complete section of intestinal nail of dog with cutting current without necrosis; 
s ISS 

union in scalpel wounds (Fig. 4). WTien union did occur, however, 
the electric wounds were somewhat weaker than the knife wounds 
until approximately the twenty-fourth day of healing. Figure 5 rep- 
resents^ in a broken line the strength (expressed in Gm ) of union 
of centimeter length cuts, pulled apart with a tensiometer on different 
healing of dog skin. This curve represents the 60 per cent 
of the electric cuts which healed by primary intention. The continuous 
me represents the 97.5 per cent of scalpel wounds, 
it will be seen that in the mid-period of healing, the electric wounds 
^2bly W’eaker. At 24 days, the two curves have not yet approxi- 
when heavy dehydration is employed (Fig. 6). 
cul of the cutting current on skeletal muscles and the mus- 

ar w-all of the stomach and intestines were studied. Incisions may 
reely made without any zone of coagulation whatever. There are 
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a change of orientation and shape of the superficial cells and a sealing 
of the capiUanes and lymphatic channels. These incisions heal vrith 
approximately the same tensile strength as cuts made with a scalpel, 
and without secondary necrosis or infection (Fig. 7 ). Figure 8, repre- 
senting tests on muscle section and healing, shows no important weak* 



Fio. 8.-~TensiIe strenslh of wound healing In rauscTe: Incisions were made wjth very 
slight electrodesiccallon, the electrical ind^oos show almost the same strength of heaMg 
as the scalpel wounds. (Reprinted from Jj\MA 16-18, iw*-) 



Fic, g — Tensile strength of wound beabng in stomach- The middle ^lues s*"®. ^ ' 
cidediy «-eaker in the electticaS inctstons. there is a wide variation in all the reaamg 
of dogs operated on (Repnntcd from JAMA 96: r6-i8, 


ness of the electrical wounds at any jwriod of healing. Figure 9, a 
comparison in healing of electric and scalpel gastrotomy, presents 
curves of healing for the electric wounds, considered both as to 
ity and time of attainment of maximum strength, entirely comparable 
to the scalpel 'bounds of the muscle wall of the stomach. 

Primar),’ r - dermal healing presupposes two factors, i.e., a deposi- 
tion of a r . yiete fibrillary fibrin across the wound and satisfactory 
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fibroplasia. Baitsell, Hertzler, and Hartwell have shown that fibrin 
and collagen are deposited in primary healing by a chemical reaction 
from prefibrin by the absorption of the edema fluid of a wound (Fig. 
lo). This appears to them to be entirely independent of cellular activ- 
ity and conditioned by the hydrogen potential of the wound. Fibro- 
plasia occurs first by stereotropism of wandering tissue cells or 
clasmatocytes along the fibrin network, and later by proliferation 
of these cells, producing fibroplasia. This mechanism was described 
in 1914 by Harrison, and the work has been studied and corroborated 



recently by Baitsell, Wereschinski and Carrel. The last has shown 
that the formative stimulus to fibroplasia is not found in the blood 
plasma, but is a local product of the injured tissues, Baker and Ham- 
mett, working in Carrel’s laboratory, found that the formative stimu- 
us does not depend upon the amino acids that the wound or adjacent 
issue contains, but is a protein cleavage product containing a sulfhy- 
ryl group. The elaboration of this essential stimulus for cell multi- 
P icatjon is apparently not interfered with by the application of the 
ting current to muscle or stomach, and, in some instances, to skin. 
St of a fibrillary fibrin network is generally not demon- 

. ^fter electrosurgery. Following the advice of Hertzler, I at- 
j . fo demonstrate this network with a Weigert-Pal stain, and 
fibri Kolschetzski modification, but found only a granular 

n deposition, such as one sees in wounds healing by granulation. 
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The coagulating current, applied to skeletal muscles and stomach, 
produces the same inverted 2one of coagulation as described in the 
deeper layers of the skin. The appearance of the coagulated muscle 
after a few days resembles hyalin in a necrotic area ultimately sur- 
rounded by a connective-tissue capsule or absorbed and replaced by 
fibrosis. 

Specific Effects on Blood Vessels 

The discussion of the effects of these currents on the blood vascular 
system can be divided, for clinical purposes, into: 

1. Capillary hemostasis in vessels of the size which do not usually 
bleed after the hemostat is removed in ordinary surgery, e.g., lapa- 
rotomy wounds 

2. The coagulation of moderate-sized vessels, such as the ones which 
must be ligated before the hemostat is removed 

3. The closure of arteries and veins of the size of the radial artery, 
or larger 



Fio. II — Electric ligation of vein with rupture of Vrall and extravasation of blood, 
XI5S 

Hemostasis in Capillaries, Arterioles, and Venules.— When tis- 
sues are severed Avith the cutting current wthout any zone of coag^ 
lation, capillary hemorrhage results (Fig. ir), which suddenly ceases 
a few minutes later, even in such vascular tissue or muscle or kidney, 
with a faality that surprises the surgeon. This unusual effect was nrsi 
investigated by Heitz-Boyer, who noticed, in histologic preparations, 
the transrr -ion of elongation and stretching of the cells of the pen* 
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vascular sheath to a point several millimeters from the cut end of the 
capillary. There is an abrupt change in the muscular wall of venules 
and arterioles, causing contraction and fusion with obliteration of the 
lumen at the point of severance. The arteriole, in particular, often be- 
comes tortuous for a few millimeters (Fig, 12). The vascular lumen 
is occluded by the collapsed walls'and the few epithelial lining cells 
which are torn off and seen free in the lumen. In some specimens, no 
endothelial changes are seen except a curious, wave-like wrinkling in 
transverse ridges just at the point where the lumen begins to contract. 
It did not appear to Heitz-Boyer that the existence of a feiv avulsed 
cells in the lumen was sufficient to account for the sudden hemostasis 



Fio ij — Correct electrical collapje of arteriole, T30 


Iv, ^^pillaries and arterioles after cutting, and it w'as suspected that 
there must be a rapid and abundant liberation of thrombokinase from 
attrition of the vascular wall. The following experiment w’as under- 
taken: The serum of rabbits’ blood ^vas placed in paraffined tubes, 
mall, well-polished pipettes were introduced into rabbits’ veins and 
arteries without touching the edges of the wounds of entrance. These 
Vessels were then severed i to 2 cm. from the pipette point with un- 
amped current and with the scalpel. The pipettes were withdrawn 
and placed in the tubes containing serum. The pipettes from the 
Vessels electrically damaged caused immediate coagulation of the 
serum, while those from the vessels with the knife wounds caused no 
nagulation of serum for 10 to 12 min., which is the same time that 
.^.^Snlation occurred in the control rabbit serum. They inferred from 
1 ^ abundant thrombokinase was liberated from the smaller 
ssel walls by the action of the electric current. 
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Electric Ligation of Small Vessels.— Vessels of a size which must 
be ligated to control hemorrhage in ordinary surgery are not generally 
successfully obliterated with a cutting current. Either they must be 
touched \vith a coagulating current, or the hemostat which occludes 
them must be touched, in order to produce successful hemostasis. The 
less the tissue surrounding the vessel is gripped with the hemostat, 
the less the area of necrosis formed. The smaller the amount of 
necrotic tissue, the greater the chance of absorption of this tissue 
without a slough, and the less the chance of infection or secondary 



Fic 13 — Correct “electrical liKation” of artery. Convolution of intima without 
desquamation at point of closure The most notable changes seem to be displayed in 
muscularis and elastica; X295. 


hemorrhage from the coagulated vessel. We experimented in coagula- 
tion of the splenic vessels and the radicals of the superior mesenteric 
vessels adjacent to the small gut in the dog and found that these 
were best occluded by use of the coagulating current (Fig. 13)’ 
walls present the same changes that occur in the capillaries on section. 
It is possible, however, to exhibit enough coagulating current to break 
the vessel all into fragments and produce hemorrhage, or to explode 
the brittle, collapsed, and constricted wall a few millimeters from the 
region of hemostasis. As one becomes more efficient, there is a tempta- 
tion to employ more voltage and a shorter time. This is dangerous. 
It is easy to generate a cloud of steam at the point of application 
which pushes ir’n the vessel lumen, exploding instead of sealing it. 
It is my opin' i that the successful coagulation depends upon the 
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mechanical effect of constriction of the lumen, and not on thrombus 
formation. The cells of the muscular layers appear crowded together 
and stained blue. There are the usual nuclear changes which accom- 
pany electric coagulation. The intima is seldom avulsed and few free 
epithelial cells appear in the lumen (Fig. 14). If the vessel is coagu- 
lated in the solid tissue of an organ, the vessel change does not extend 
beyond the tissue necrosis in the parenchyma of the organ. This limi- 
tation of change was first described by Kuntzen and Vogel, who car- 
ried out experiments upon rabbits, A lobe of the liver was fixed in 


Fic u — Cornigations of inlima, A, with contraction of muscle walls in electrical hemo- 
stasb, X85 


the abdominal wall and excised with a coagulating current. The ani- 
mals were killed on various days. The portal vein was injected wth 
India ink. Thrombi were found to form only as far as the tissue 
necrosis in the surrounding liver substance. An elective depth effect 
of the current upon blood vessels did not manifest itself beyond the 
region of coagulated liver. No secondary hemorrhages occurred along 
the vessels. This agrees with my experience. 

Sealing of Larger Vessels. — Tinker has described the coagulation 
of the blood in these larger vessels e.xtending 12^4 mm. along the 
lumen. We were unable to demonstrate any such thrombosis in arteries. 
In veins, a definite coagulation extended not farther back than a 




16 [vttVn Electrosurgical Currents 

distance equal to the diameter of the lumen when the vessel was 
coagulated with a current strong enough firmly to close, but not en- 
tirely destroy, the vessel. Even after several days this small, red 
thrombus was still seen in the vessel merely as a coagulation throm- 
bosis, the definition of many of the red cells being retained and the 
white cells appearing unchanged in morphology. There fs no progres- 
sion m the size of the thrombus, exanimed several days after the 
occlusion of the vessel. According to Aschoff^, this coagulation throm- 
bosis is in sharp contradistinction to true thrombus formation, which 
he describes as conglutination and agglutination thrombosis. This 
latter process presupposes the local heaping-up of platelets, which 
process is one of the two primary factors in thrombus formation, 
the other being stoppage of the blood stream. In my opinion, the 
strength of the hemostatic effect in these larger vessels is determined 
by the shrinkage and collapse of the vessel wall, and not by pressure 
from thrombus formation in the vessel. Based on the idea that satis- 
factory sealing of these vessels is accomplished by shrinking of the 
wall, Harvey Cushing has originated a novel manner of dealing with 
them in neurosurgery, which is applicable in any region where the 
vessel is exposed and free from the solid organs. A ball electrode, 
about in. in diameter, is used in connection with the usual coagu- 
lating current of a strength appropriate to the size of the vessel. 
Beginning at the clamped section of the vessel, its surface is gently 
stroked in a series of short strokes, which results in pushing the con- 
tents of the lumen back and sealing the vessel shut as one proceeds. 

Conclusions 

The effects of high-frequency currents used in surgery depend 
definitely on the qualities of the current employed. T\yo types of 
electrosurgical machines are in common use, one in which the me- 
quency of oscillation is produced by multiple spark gap and the 
by radiotrons or radio tubes. The first always produces a somewhat 
damped current. The less the damping, the more nearly the current 
produces a clean cut, like an ordinary scalpel wound; the more the 
damping and the higher the amperage, the greater the amount of 
coagulation produced in the tissue at the edges of the incision. Both 
the cutting current and the coagulating current have spedal indiM' 
tions and advantages in surgical practice. The radio knife can be 
made to produce a cut without coagulation, as the current is not 
damped. By increasing voltage and amperage in this machine, a coa^- 
lating cut can be produced, but this is likely to be associated win 
charring and prevents penetration of the coagulation Into the tissues. 

Experimental cuts were made with both types of current on the skm 
of the human, dog, rabbit, and frog. The first three of these have a 
skin with a stratum corneum, and, in the presence of this layer, some 
coagulation results before penetration of the skin can be accom- 
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plisbed, even with a pure cutting current. This coagulation does not 
necessarily interfere with primary healing, but only 6o per cent of 
the cuts produced in dog’s skin healed by primary intention. The 
skeletal muscles and the muscular layers of the stomach and intestine 
can be severed with a cutting current without coagulation. The phe- 
nomenon of vessel closure with a coagulating current is an interesting 
one, involving collapse, shrinkage, and agglutination of the vessel 
walls without extensive thrombus formation. A large amount of 
thrombokinasc seems to be liberated in cutting capillaries and small 
vessels. There are many serious errors to be avoided in coagulating 
vessels. Too rapid coagulation causes explosion and subsequent 
hemorrhage. 

In coagulation of tissues, the specific resistance of the tissues varies 
tremendously, e g., fat Is more than eight times as resistant as muscle, 
making the direction of deep coagulation uncertain. 

The present tendency in electrosurgery Is toward the use of cutting 
currents and away from massive coagulation as being unsurgical and 
dangerous 
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CHAPTER TWENTY 


ELECTROSURGICAL METHODS 
William L. Clark, M.D. 

The value of electrosurgical methods in general surgery has been 
established. These methods are gradually coming into more general 
use and are growing in importance to the surgeon. Owing to this fact 
an exposition of the newer units is herewith presented for the infor- 
mation of physicians not yet familiar with their advantages and dis- 
advantages. The present chapter will deal with the more useful elec- 
trosurpcal methods, upon the basis of the effects produced in the 
tissues, which will be classified as electrodesiccation, electrocoagula- 
tion, and the high-frequency knife. 

Electrodesiccation and Electrocoagulation 

There is an impression among many of the profession that the 
electrodesiccation and electrocoagulation methods are one and the 
same. This is an error, inasmuch as the effects produced on the 
tissues are quite different, and these can be readily demonstrated 
both clinically and histologically. The type of high-frequency current 
by which electrodesiccation is produced is of relatively high voltage 
and low amperage, whereas the current by which electrocoagulation is 
produced is of lower voltage and higher amperage. This variability in 
factors permits the surgeon to utilize the current to best advantage 
in a wide range of neoplastic lesions 

Electrodesiccation. — ^The electrodesiccation effect produced by 
the application of one of the forms of high-frequency currents to the 
tissues was first recognized by the writer in 1908, and it was described 
by him before the American Electrotherapeutic Association in Sara- 
toga Springs, N. Y., in igio It was demonstrated that benign or 
jualignant growths of small or moderate size can be destroyed by 
the utilization of heat of just sufficient intensity to electrodesiccate 
or dehydrate the tissues. The beat for the purpose is produced by a 
monopolar high-frequency current of the Oudin type, the current 
oing conducted to the lesion by means of a steel needle or other 
pointed metallic applicator. Either a single or a multiple spark gap 
tnay be employed in the circuit, but it must be so constructed as to be 
subject to refined regulation. The proper current strength necessary 
0 destroy gro^nhs of different types and sizes can be learned best 
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from actual experience. The electrodesiccation effect may be pro- 
duced in the tissues either by delivering the current through a short 
air space to the growth to be treated^ by touching the surface with 
the electrode without an air space intervening, or by inserting a needle 
electrode more or less deeply, the method of application depending 
upon the type of case under treatment, whether the affection is super- 
ficial or deep, and also upon the degree of tissue destruction desired. 
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Tlie electrodesiccation method with modification of technic is used 
advantageously when the lesion is comparatively superficial and local- 
ized, and when it is desired to avoid a contracted Cicatrix It is subject 
to such control that if the technic is correct, an exceedingly small 
growth, even on the cornea, can be successfully treated without im- 
pairment of vision, or the subsequent formation of discernible scar 
tissue. A small growth on the vocal cords may likewise be destroyed 
without impairment of the voice. Likewise, such a delicate structure 
as a hair follicle may be destroyed quite as accurately by electro- 
desiccation, if correctly employed, as by the electrolysis needle. 

The eleclrodesiccation method has been found to be most satisfac- 
tory for the treatment of localized epitheliomas or sarcomas occurring 



S— Extensive basal-cell epnheUoma, temporal region, including some bone and 
of e>e Thb patient had received iniensue treatments by both radium and 
**ray. Temporary healins, but recurrence, resisted radiation treatment after that 
Fig 6--End'result of one electrocoagulation operation, under ether anesthesia N'o 
recurrence in three years, patient died oi pneumonia 

upon cutaneous surfaces or accessible mucous membranes. If the lesion 
IS extensive and of a very malignant character, wide resection after 
electrodesiccalion with the electrosurgical knife is a practice to be 
recommended Likewise, electrodesiccation can be employed advan- 
tageously, with a good curative and cosmetic effect, in the treatment 
of such benign lesions as warts; moles; nevus vasculosus and pig* 
uienjosus; angiomas; tattoo marks; xanthomas; lupus vulgaris and 
erythematosus; chronic varicose ulcers; localized infections, such as 
carbuncles; certain cases of exostosis, as of the hard palate; epuHs; 
eukoplakia; papillomas; urethral caruncles; cervical erosions; endo- 
^^^°^rhoids, infected tonsils, and some other lesions. 

H Jiile in competent hands electrodesiccation has been successfully 
used in all the above-mentioned lesions, it might not be the best policy 
0 employ it in every such case Some of the conditions might even 
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be aggravated if the method is employed by one not experienced in its 
use. Electrodesiccation is therefore but one other method from which 
to choose after a correct diagnosis has been made by surgeons con- 
versant with its uses and limitations. 


Electrocoagulation, — Electrocoagulation is produced by a bipolar 
high-frequency current of the d'Arsonval type. The term Aathermy 
is generally employed to identify ‘he d’Arsonval current The deft- 
nition of diathermy approved by the Council of Physical Therapy o 
the American Medical Association is as follows: A term employed 
to designate the use of a high-frequency current to generate heat 
within some part of the body. The frequency must be greater than 
the maximum frequency producing neuromuscular • , 

osdilations may be a frequency ranging ‘/o® 
sand to several million cycles per second. When ® 
passed through the body at a sufficient voltage and “ 

resistance offered by the tissues intervening 
causes heat to be generated in such tissues. It was ^ Arwnvd h 
demonstrated that passage “I . h'eh-]r«‘l“'”‘' 5 ' 
through living tissues causes neither direct ’"i ^ 
of muscles, but does cause the tissues to become heated, nrnnertv to 
of Berlin, in 1907, apparently was the Z S of 

human beings for therapeutic purposes, and to 8 ™ rienends not 
diathermy-'heating through.’ ’The rise in '™P”“'XlSncy of 
only on the amount of energy absorbed, but also on the e^K cy 
the circulation in carrying off the heat and maintaim g 

Esther a single or a multiple spark gap may he 
coagulation, but a good multiple spark gap is ® "isciro- 

curtent can be “stepped up” by its use. The fuat pro- 
coagulation is more penetrating and intense m . „,iii2ed 

ducing the electrodesiccation effect; in accessible locatm s 

to destroy larger tissue growths; it is also useful in cases 
is extensive bone involvement. nf ihe 

There are many variations of technic in the ^PP L . . 1 -ases. 
electrocoagulation method to suit the requirements m , UfOy 

These variations cannot very well be described wiA ,, ge 

to permit one to practice them without other study- Th y 
learned from practical experience as well as study if one P 
excel in their use. The technic for the uncomplicated _rese 
the electrosurgical operations will, however, he describe infnr- 
the chapter. These descriptions will guide the beginner, 
mation given, for reasons stated previously, must nece y 

Whether electrodesiccation or that phase of m 

as the electrocoagulation method is employed, the arm sno . 
destroy the growth completely at a single operation. In lesio 
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ing cutaneous surfaces, the devitalized tissue should, as a rule, be 
removed immediately, either by excision or curettage, which usually 
can be accomplished without hemorrhage. In some instances it is best 
to permit the electrodesiccated slough to separate naturally without 
curettage or excision. For example, it is best not to excise or curette 
an angioma after electrodesiccating it. The instrument used for exci- 
sion should, if possible, cut through the tissues already electrocoagu- 




Fig 7 — Very advanced basal-cell 
epithelioma involvinj: cheek, osseous 
structures, and parotid gland Had 
resisted x-ray treatment. 

Fig 8 — Result of one electrocoagu- 
lation treatment under ether anesthesia 
Note absence of contracted scar, wth- 
out skin grafting; remarkable owing 
to the great extent of the disease; no 
recurrence m is years 
Fig. 9 — Showing photograph of same 
patient taken u years after treatment 
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lated, and not through the viable tissues beyond it. If necessary, the 
base may then receive further electrodesiccation or electrocoagulation 
treatment. 

Excision or curettage immediately following electrodesiccation or 
electrocoagulation is practiced less frequently in lesions within the 
mouth, or on mucous membranes elsewhere, than upon the skin sur- 
face, owing to the greater possibility of secondary hemorrhage which 
is due to the maceration of the tissues by secretions, and also to the 
liquefaction necrosis caused by bacterial invasion. When excision or 
curettage following electrocoagulation is not practiced, the devitalized 
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tissue is permitted to slough naturally, and to separate by degrees. 
The time which elapses before separation of the slough depends upon 
the character of the tissue destroyed, whether dense, loosely combined, 
friable, or necrotic, and also upon its anatomic location. It may take 
but two days in some cases for the slough to separate, and in other 
instances it may take as long as seven days. Bone or cartilage when 
subjected to electrodesiccation or electrocoagulation will sequestrate 
in from about six weeks to two months, depending upon the intensity 
and quality of the current employed for its devitalization. 



Fic IS — Basal-cell epuhelioma of the nose 
Fic. i6 — ^After one electrodesiccation operation. Note cosmetic result. 


Electrosurgical Methods and Irradiation 

Since electrosurgical methods, radium, and x-rays are so frequently 
employed together in the same case, one method cannot be properly 
discussed without also considering the others. In dealing with localized 
beni^ or malignant lesions, the superiority of these electrosurgical 
jnethods over irradiation is shown by definite histologic changes, and 
by the critical comparison of clinical end-results. This may be ex- 
plained by the fact that where electrosurgical methods are employed, 
e diseased tissue only is destroyed, and the vitality of the sur- 
rounding normal structure is conserved Subsequent treatments by 

0 ectrosurgery, should they be necessary, offer quite as good a pros- 
pect of success as though the tissues had not received previous treat- 
ment, owng to this conservation of the vitality of the adjacent tissues. 

1 fl, other hand, with irradiation of such intensity as to produce a 
etnal effect upon the cells of malignant or other types of growths, 
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lated, and not tlirough llic viable tissues beyond it. If necessary, the 
base may then receive further clectrodesiccation or electrocoagulation 
treatment. 

E.xcision or curettage immediately following electrodesiccation or 
electrocoagulation is practiced less frequently in lesions within the 
mouth, or on mucous membranes elsewhere, than upon the skin sur- 
face, owing to the greater possibility of secondary hemorrhage which 
is due to the maceration of the tissues by .secretions, and also to the 
liquefaction necrosis causetl by bacterial invasion. When excision or 
curettage following electrocoagulation is not practiced, the devitalized 



Fio. to— Advanced baul'CcU crMthcIioma of the note. 

Tie 11. — rejuH ol one otTiceetcclrwlesiccaVion 

Fio 13 — IlluUratint; artificial nose* sculpture method ol reconstruction 



Fio 13 — Squamous-cell epithelioma of nose, grade 3. 

Fio 14 — Result of one elcctrodeaccation operation under local anesthesia Note 
cosmetic result. 
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Indications and Contraindications. — Owing to these resultant 
changes, irradiation should certainly not be used routinely in con- 
junction with electrodesiccation or electrocoagulation in distinctly 
localized benign or malignant lesions, with the exception of very 
malignant squamous-cell lesions (such as grades 3 and 4, according 
to Broders) when irradiation treatment in conjunction with electro- 
surgical methods should be considered for its lethal effect upon possi- 
ble outlying malignant cells, since there is a greater likelihood of 
the existence of such cells and of their recurrence in this more malig- 
nant type of lesion. However, after any treatment recurrences may 
not always be due to incomplete primary work, but rather to entirely 
new lesions occurring in soil favorable to their development. 

There are instances of advanced cases of malignancy in inaccessible 
locations in which electrodesiccation or electrocoagulation is not ap- 
plicable, owing to the involvement of ntal structures and to the 
impossibility of doing complete work. Unless the lesion can be com' 
pktely removed well beyond into the normal tissue, clectrosurgical 
methods arc, as a rule, contraindicated. In exceptional cases a large 
necrotic mass of malignant tissue may be removed by electrosurgery, 
even though the work is known to be incomplete, to permit of the 
more sadsiactory, immediate use o! radium or x-rays. In such cases, 
irradiation, as the most important factor in treatment, is preferable 
to other alternatives. My experience has been such, however, that 
I feel strongly that clectrosurgical methods, with the^ exceptions 
noted, should be employed alone in primary localized lesions, where 
It is possible to remove all the disease at one operation. 

Electrodesiccation and electrocoagulation are both contraindicated, 
the exception noted, in extensive lesions that cannot be destroyed 
in their entirety wth one operation. If any of the disease is left, it will 
usually be stimulated to greater activity unless irradiation is immedi- 
ately employed thereafter. If vital structures are involved and the case 
is inoperable, then irradiation treatment is preferred to clectrosurgical 
or other methods. 


In addition to removal by electrosurgical methods of primary lesions 
of the Very malignant squamous-cell or other types of growths, it is 
quite important, indeed it is necessary, to treat the lymphatic drain- 
ap areas by radium or x-rays, or in some instances by a combination 
of both, to inhibit or destroy malignant cells migrating to the glands, 
or to destroy the pathologic element if true metastasis has already 
taken place. In some instances it is necessary to excise the involved 
^ands, by means of either the high-frequency knife or the cold scalpel, 
inis IS especially true if the glands have broken down. Preoperative 
irradiation of the metastatic glands inhibits the proliferation of malig- 
nant cells; thus recurrence after removal is less to be feared. Post- 
operative irradiation at the ale of the excised glands is also a practice 
ro be recommenrfpri 



8 (Ch«pt«r 20 
IVolume JI 


Elcctrosurgical Methods 


it is impossible to avoid lowering the vitality of the surrounding 
normal tissue by producing nerve, tissue, and circulatory changes. 
This is true, at least to a certain degree. Therefore, in case of 
recurrence, little more can be hoped from further irradiation treat- 
ment, owing to the decreased radio sensitivity of the tissues and also 
to the resultant changes before mentioned. These are facts well kno^vn 
to experienced radiologists and other close observers. 



Fic. i7,>^quainou3-ccn epithelionia, grade 3, of checW and angle of Ups, extending 
through into (he mouth 

Fio i8 — Result of one electrocoagulation operation under ether anesth«ia 
treatment to lymphatic drainage areas No recurrence in six years. A piastre opera 
to close opening into mouth could be successfully performed 



Fie ig — Squamous-cell epithelioma of the lower hp, grade 3 
Fic 20 — Rr'ult of one office electrodesiccation operation and radium treatment 
neck. Note abstr o of contracted scar, and regeneration of normal tissue. 
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As before stated, electrodesiccation and electrocoagulation are 
adapted to the treatment of benign and malignant growths of the 
skin and accessible mucous membranes that are limited in extent 
and do not involve vital structures. These methods are therefore 
peculiarly adapted to the treatment of neoplasms involving cutaneous 
surfaces, as well as lesions occurring in accessible mucous membranes, 
such as are found in any part of the oral cavity and adjacent parts 
on the lip, jaw, nose, throat, tongue, larynx, eye, sinuses, orbit, par- 



Fic JS— ETtensive basal-cell epilhelioma involving whole of upper lip, antrum, nose, 
septum, alveolus, and hard palate Recurrence after excision, radium, x-ray, and serum 
treatment. 

Fic 26— Result of one electrocoagulation operation rCo recurrence in 15 years 
Fic 27 — Features constructed by sculpture method and attached to spectacle frames. 


otid gland, ear, etc. Likewise, they may be employed advantageously 
in growths of the bladder, the operator working through an oper- 
ating cystoscope, or through a suprapubic opening; also growths of 
the vagina, urethra, uterine cervix, and the rectum may be treated 
hy this method. Recent experience has shown that the high-frequency 
knife may be effectively employed (or the removal of growths of 
^"^phdominal serous membranes. 

Since malignant lesions of mucous membranes are prone to be 
^ore active than those occurring on the skin, the efficiency of electro- 
nesiccation and electrocoagulation is in some instances increased by 
6 combination of the high-frequen^ knife, the cold scalpel, radium 
nd x-rays. The basal-cell type of epithelioma, occurring, for example, 
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Fic. } I SquamouS'CcII fpithflioma of lip 
Fjc ji— UcsuU of one c1c<trod«lecation operation. 



alve^l^s — Squatnous-ccll epitheltoma, i^de 4, completely insoUins the lower lip and 

Fig 24 Result of one electrodesiccation operation and radium treatment to neck 
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The choice between local or general anesthesia in a given case is a 
matter of the personal judgment of the operator, although it might 
be stated that much of this work can be done under local anesthesia. 
It seems advisable that ether be removed from the room during 
electrosurgical operations, the operation being performed while the 
patient is coming out of ether. Dr. Mock states that he covers the 
ether mask with a wet flannel blanket during electrosurgical thyroid 
operations. He further adds, “Ethylene should never be used when 
electrosurgery is employed.” 



Fic jg — Squamous-cell epithelioma of floor of mouth and aheolus, grade 4. 

Fic JO — Result of one electrodesiccalion operation and radium to lymph nodes. No 
Kcurrence in 8 years. 


Effects of Electrodesiccation and Electrocoagulation. — In 
addition to the electrodesiccation or electrocoagulation effect on the 
affected tissues, and to the sealing of blood and lymph channels, the 
heat penetrates beyond the area actually destroyed and devitalizes 
malignant cells for a considerable distance beyond, without perma- 
nently impairing the normal tissues, thus lessening the likelihood of 
local recurrence or metastasis, and conserving the maximum amount 
of normal tissue. It is, however, difficult or impossible to determine 
y any means now at our command exactly how far this heat pene- 
d«tr^ given case, and the depth to which the malignant cells are 

Malignant cells, especially those that are least differentiated, are 
ore vulnerable to heat and are devitalized at a lower degree of heat 
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on cutaneous surfaces, such as the face and eyelids, I's of relatively 
low-grade malignancy, and though the lesions may be extensive both 
as to area and depth, even though complicated with bone involvement, 
they may be so effectively treated by the cleclrodesiccation or electro- 
coagulation methods that recurrences arc infrequent, provided the 
operations are properly performed. 

In localized squamous-ccll epitheliomas, however, on cutaneous sur- 
faces or mucous membranes, which are found to be more malignant 
in type, the results arc almost but yet not quite ns good as in the basal- 
cell lesions, the results depending to a great extent upon the grade, 



Fio. 38 — Illustratins the result of an elcctrocoaRulJtion operation for removal 
very far advanced rodent ulcer in\olvinr; the whole of the upper hp. nose, 
ethmoids, frontal sinuses, and left orbit The dura was etposed, >et the patient re 
cred and li>ed for three years after the operation. 

or in other words, upon the degree of differentiation in the cells, from 
the embryonic to the adult cell. This differentiation can be demon- 
strated by the trained pathologist. The recognition of differentjatjon 
in cells has proved a valuable guide in planning treatment. In such 
cases, radium or x-rays should be used locally in combination with 
electrodesiccatjon and electrocoagulation. When the cells are embry- 
onic in character they exhibit but slight resistance to irradiation 
treatment On the other hand, when differentiation has progressed 
they show greater resistance. Therefore, to obtain good results the 
dosage must be increased to overcome this resistance. When the 
growth is no longer localized and metastasis has occurred, it is again 
emphasized that other methods must also be used in addition to elec- 
trosurgical methods. 
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ated cells is also well established. This property of heat penetration 
should not, however, influence the operator to do incomplete work, 
for it cannot be relied upon entirely In all instances to destroy deeply 
located malignant cells. It is safer to err on the safe side by perform- 
ing radical operations when one has to deal with malignancy. The 
sealing of blood and lymph channels and the prevention of dissemina- 
tion of malignant cells should be an advantage, and might conceivably 
aid in preventing local recurrence and metastasis. The frequent im- 
mediate relief from pain after operation is worthy of note. There is 
no held of surgical specialization in which electrosurgical methods can- 
not be employed to advantage in some cases. 



Fic 34 — lllustralinK a case of epulis Electrodesiccation is a successful method of treat- 
ment, conservan? the matimum of normal structure 

Apparatus and Operator. — High-frequency apparatus, as devised 
py different manufacturers, vary greatly in construction, hence there 
js a corresponding variation in the quality of the currents produced. 
The thermic intensity may be too great or too little, and an undesir- 
able faradic effect producing shock and contraction of the tissues is 
^ be expected when the improperly constructed machines are used. 
Hus lack of standardization is unfortunate, since in order to produce 
the electrodesiccation and electrocoagulation effects under ideal condi- 
tions an accurate balance must be obtained between the voltage and 
the amperage, and also between the capacity, inductance, and resist- 
ance. Thus, different operators employing various types of apparatus 
ol^thin different results. Indifferent results can be obtained, or, 
indeed, irreparable damage can be done by an operator not possessing 
practical knowledge of the various factors involved. This notation 
appropriate and most important, since a considerable number 
0 ca^s have come under observ’ation that have been improperly 
seated by electrodesiccation and electrocoagulation; thus an errone- 
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than arc normal cells. This scorns (o have been demonstrated by the 
experimental work of Doyen and others and it has been borne out by 
my own practical experience. The thermic sensitiveness of these cells 
to the action of the high-frequency current has often been observed 
clinically and demonstrated histologically. Likewise, the greater sensi- 
tivity to radium and x-rays of embryonic cells than of well-differcnlj- 




Fw. 3t— Showing rrtttli of one elccuoenaguhlion operation for e^tenshe 

squamous-cell carcinoma of antrum, hard palate, and ahrolus 

Ftc 3*.— Showing property fiUtng denture lo fiU up space, insuiitig Imptosed ip«ch, 
mastication, and greater cleanliness. 




33 — Illustrating a case m which an electrocoagulation operation was 
to remove extensive carcinoma of the antrum after surgical exposure through an e 
opening The hard palate and alveolus were not involved with disease. 
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ous impression has been made on the minds of those seeking authentic 
knowledge concerning the methods. Moreover, electrosurgical methods 
can be practiced with a maximum degree of satisfaction only by those 
who have had ample surgical training and experience. These methods 
should not be considered as something distinct and apart, or as a 
specialization, but rather as a valuable adjunct to the surgeon trained 
in surgical judgment and technic, and with sufficient operative ex- 
perience. 

General Technical Considerations. — ^There are many variations 
in the technic of electrodesiccation and electrocoagulation to meet 
various indications. The technic cannot be completely described; it 



Fjc 39 — Showing a case of adamantinoma, assodated. as is usual, with bone cysts 
Electrocoagulation is a successful method of treatment 

must be learned by studying the technic of a capable operator and then 
further perfected by practice upon raw meat and laboratory animals 
before human subjects are treated. I desire to impress the fact that the 
technic of electrodesiccation and electrocoagulation is not simple, nor 
should the ivork be undertaken lightly Much good can be done by 
ysing them judiciously, and perhaps considerable damage can result 
from their improper use, even in the hands of otherwise accomplished 
surgeons. Thorough preparation should therefore be made before 
engaging in what might possibly be a hazardous procedure. While 
those who employ electrosurgical methods judiciously have reason to 
they should not grow so enthusiastic as not to realize 
imitations of these methods, for they do have limitations. The 
cold scalpel, hemostats, and sutures cannot by any means be discarded 
rom use in general surgery. 
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Each case should be regarded as a law unto itself, and after full 
advantage has been taken of our superior present-day laboratory and 
other facilities, should be studied, intelUgently and )udicially, before 
a decision regarding the proper method, or combination of methods, 
is reached in a given case. 

Group Practice. — Since it is well-nigh impossible for one man to 
become thoroughly proficient in the expert application of all measures 
hitherto mentioned, group practice is perhaps the best solution of 
the difficulty. If one is not in a position to employ all recognized 
methods and adjuncts, either by oneself or in group practice, one 
should not attempt to treat cancer, except, perhaps, in selected cases 



Fic 43 —Leukoplakia of the tongue. Electrodcsiccation b the most satbfactory treatment 
for this lesion on any accessible mucous membrane 


Hemorrhage. — ^\Vhen electrodesiccation or electrocoagulation is 
correctly employed, hemorrhage during, or immediately after, the 
operation is not likely to occur. Secondary hemorrhage may possibly 
occur several days later at the lime of separation of the slough, when 
toe larger vessels have been eleclrodesiccated or eleclrocoagulated 
through. Usually, however, organization has taken place by the time 
the slough separates and the terminal ends of the vessels have throm- 
osed, thus preventing hemorrhage. This, however, cannot always be 
upon. This risk, when such a possibility appears to exist, 
should be obviated by prelimina^ ligation of the involved blood 
vessels, if it is practical to do so in a given case. This is especially 
rue when the electrodesiccation or electrocoagulation method is em- 
P oyed, in ^yhich case sutures are not used and the wounds must heal 
y granulation. MTien the high-frequency knife is employed, the larger 
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Operators should therefore be trained to know when other methods 
arc indicated In preference to electrosurgical methods, and also when 
other methods should be used in conjunction with them. Contrariwise 
they should not employ cold scalpel surgery when electrosurgical 
methods can be employed to better advantage. We should not lose 
sight of the respective value of the cold scalpel, the high-frequency 
knife, radium, and x-rays, especially in cancer work, each having a 
place in modern practice. Electrosurgical methods cannot be practiced 
to full advantage without according to the other methods full and 
equal consideration. Elcctrosurgery is but one, though a valuable, unit 
in the progressive surgeon's armamentarium. 



Fic. 40.— EMcnsi\T squampus-ctll <pl- 
Ihclioma ol toncuc and floor ol inouln, 
prade t. 

Fjc. 4t.— Appearance after amputstlon 
of toneue by the electroeoaRulalion 
method nnd radium treatment to lym- 
phalic dralnacc areas in neck 

Fjc 4j.— S howinpr artificial tongue 
made of cotton, thus materially raprov- 
in? speech 
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of the high-frequency knife. Some surgeons of experience who have 
weighed both methods in the balance prefer the latter method. 

May I stress the important fact that the use of the electrodesicca- 
tion or electrocoagulation method of treatment will frequently reclaim 
cancer cases that would have been quite hopeless were these methods 
not available. 

Histologic Studies. — The microscopic picture of neoplastic tissue 
submitted to electrodesiccation presents typical characteristics. While 
the cells still retain their outline, they appear shrunken, elongated, 
and dried up. Evidence of such degenerative changes as hydropic 
or fatty degeneration is not discernible. The blood vessels in the 
immediate and adjacent field of operation are thrombosed. 



45 —Illustrating a case of advanced squamous-cell carcinoma, cTtending through 
ine cheek, also involving the alveolus, floor of mouth, and tongue, with metastasis to the 
cervucal glands Much of the cheek and diseased parts in other locations removed by 
c tclrocoagulation, lower Jaw resected, and radium used interstitially m the glands After 
'J’Jtnout recurrence, a plastic operation was performed, utilizing a flap from the 
Chest. No recurrence in 15 years. 

In tissue subject to coagulation there is complete loss of cell out- 
line. The neoplastic cell element seems to have fused into a struc- 
homogeneous mass, with a resulting hyalinized appearance, 
ine blood and lymph channels are thrombosed. The secondary and 
changes in all such lesions are degeneration and fibrosis. 
'V nether the fibrous and connective tissue shall be abundant and 
aense, or less abundant and soft, is influenced by the amount and 
nature of the accompanying degenerative and necrotic material, which 
in turn are determined by the particular type of irritant. Thus, after 
^ *he fibrosis is slight, and the resulting scar is soft 

j pliable. Following electrocoagulation the fibrosis will be more 
or less abundant, the amount depending on the intensity of the heat 
generated and the consequent degree of frame destruction. 
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vessels should ahvays be ligated and the incision closed by proper 
suturing; the wounds are then expected to heal by first intention. 
Disappointment in this has, however, sometimes occurred, depending 
for the most part upon the dexterity and the experience of the operator 
in the use of a new method and instruments. 

Gastrostomy and Colostomy. — ^Incases of mouth and throat ma- 
lignancy, when a patient’s vitality is low and he is undernourished 
o^ving to his inability to ingest the proper amount and quality of food, 


Fio. 44. — Illustration of exostosb of hard palate, which * 0 *”®*^™^* is 

to malvc possible s properly fittinc denture, and for other reasons. -„fnim 

ideal for the remos'al of this lesion and the danger of breaking through fn*o the 
is minimized. 

and when tube feeding through the nasal passage is impractical, a 
preliminary gastrostomy should be performed and the patient fe 
through a tube until in proper physical condition to withstand tne 
proposed operation. It is noteworthy how some patients improve 
physically after resorting to the rational expediency of gastrosto^. 
A gastrostomy can readily be done under local anesthesia, and tne 
opening in the stomach can be closed after it has served its useiui 
purpose. It is likewise prudent in the majority of instances to perform 
a colostomy before attempting treatment of cancer of the rectum. ^ 
There are numerous other circumstances frequently met wherein 
the combination of the cold scalpel and some form of electrosurgery 
can be employed fa advantage. Such operations as gastrostomy ana 
colostomy may be performed either by the cold scalpel or by means 
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shorter operations, the decrease in trauma, and Uie greater possibility 
of sterilization are the chief advantages of the method. 

At a conference on electrosurgery during the meeting of the Amer- 
ican College of Physicians in Philadelphia, October, 1930, Dr. Howard 
A. Kelly spoke upon the subject of electrosurgery in part as follows: 
In brief summary, some of the conditions with which we deal are: 
Various malignancies about face, lips, mouth, tongue, fauces. 

For carbuncles it renders signal services in exsecting the diseased area, 
leaving a clean, sound, aseptic, rapidly healing wound; in fact, it undoubtedly 
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Conclusions Regarding Electrodesiccation, Electrocoagulation, 
and Combined Methods. — Elcctrodesiccation and electrocoagulation 
when employed with correct technic arc perhaps the most satisfactory 
methods yet designed for the treatment of localized neoplastic and 
allied lesions of the skin and mucous membranes. The cold scalpel, 
the high-frequency knife, radium, and x-ray arc also valuable and 
indispensable in their respective roles, and in some instances they may 
be used advantageously in combination with elcctrodesiccation and 
electrocoagulation, each method complementing the otlier. 



Fro. 46— lllustratin); line of cxcWon to e’cpo^e jnaliftranl disease of the upper Jaw, 
anterior narw antrum, floor of orbit and buccal surface preliminary to treatment by 
electrocoagulation. 


Hicii-Frequencv Knife 

Owing to the flexibility of the high-frequency currents, it is possible 
so to regulate the capacity, inductance, and resistance, wth variable 
degrees of damping, as to permit cutting through the tissues ^ 
suitable electrode quite as accurately and as cleanly as by the cold 
bistoury; moreover, the wounds will heal by first intention. I had 
the opportunity of experimenting wth, and reporting to the manu- 
facturers upon, one of the first practical machines and instruments 
designed for this work about one year before it was adopted for 
practical use. Dr. George A. Wyeth, of New York City, following up 
these studies, first called the attention of the medical profession to 
the perfected cutting current in a paper read before the Surgical 
Section of the New York State Medical Society in Rochester, N. Y., 
April, 1924. Schmidt, Kelly, Ward, Cushing, Mock, Trowbridge, and 
others later contributed toward the development of this method. 
Surgeons throughout the world are now widely employing it in major 
surgery, including abdominal, intestinal, thyroid, gynecologic, genito- 
urinary, nose and throat, eye, ear, and brain surgery, especially in the 
case of neopla' ; diseases The minimized primary hemorrhage, the 
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sulaling tissues by coagulation. In the spinal cord it is easy to prognosticate 
a use in all lesions where it is simply necessary to divide a nerve trunk or to 
destroy benign or malignant growths in situ without the usual protracted 
manipulations for exposure and removal with the attendant traumatisms 
In all these operations, it is advisable to maintain the careful technic of 
the operating room in major and minor surgery. This should be done for our 
own sakes and in no wise to impress the patient. How far we may safely 
modify our stringent technic will appear only after considerable experience. 

In closing, I feel profoundly thankful that our honorable society, composed 
as it is of our leading surgeons, is seriously taking this matter in hand. 
Personally, I give thanks for such a new and potent adjuvant, vfhkh sim- 
plifies our technic, speeds the operation, does many things better, and some 
things heretofore impossible, while it greatly lessens pain and the liability to 
subsequent infections (Swrg. Cyncc. 06 st., p. 503 (Feb. 15) 1931.] 

Dr. Oscar E. Nadeau, Chicago, III., summarizes his experience as 
follows: “The electrosurgical unit in its present state of development 
is a distinct advantage in modern surgical technic. New indications 
are found every day. It is a new method, the details of which must be 
thoroughly familiar, not only to the surgeon, but to the entire staff 
of assistants and nurses.” [Surg. Gyttcc. Obst., p. 51 1 (Feb.) 1931.] 

_ Dt. Howard UlUenlhal, of New York City, at the conference men- 
tioned drew from his experience the following conclusions: 

X. The electric method under discussion promises to be a great aid in 
general surgery. 

2. The tendency to wound infection is greatly reduced. 

3- Hemostasis is quick and sure. In my small series of cases there has 
been no secondary bleeding 

4. Healing has been normal in rate and in firmness. The time is too 
short to form conclusions as to keloid Thus far I have not observed this 
condition. 

S- llTien local anesthetics were employed, my impression is that there 
have been electric subjective reactions of pain, and that the pain or 
discomfort was more than when the scalpel was used. On dividing muscle, 
has been more twitching than is ordinarily seen on knife section, 
is caused by faradism due to improper wnndings in apparatus — 
VV. L. Clark.) 

6. The apparatus must be pre^erly managed Its liability to get out of 
^der, or to diminution in functioning power, may have to be considered. 

bus far I have not noted deterioration of this kind. It seems to me that the 
e ectric method is extremely valuable in general surgery, and that the wounds 
to be aseptic than those in which the scalpel is used, 
tn this discussion I have not dealt with the technical part of electro- 
There is danger of produdng accidental burns by contact of 
e electrode with metallic bodies in the wound, such as metal retractors or 
ery clamps. I believe that the pnncipal use of the new method in 
general surgery will be for making incisions in the soft parts, including the 
■ 'n, and of course, in the removal of lesions outside the body cavity, 
buf fg electrode on the tissues seems to be that of intense heat, 

the intensity is so great that with the cutting motion there is rapid 



24 Electrosurgical Methods 

replaces the actual cxulcry which has been growing in favor, and is infinitely 
superior to the wretched poulticings. 

No method outside of the wonderfully effective services of radium is worth 
considering in dealing with malignant tumors of the scalp. 

In malignancy of the sl»in in ail parts of the body, electrosurgery is second 
only to radium; it supersedes radium in nevi. Often when the use either of 
the x-ray or radium has been overdone and there still remains a sclerosed or 
an extensively ulcerated mass, nothing approaches the efficiency of the exsec- 
tions of electrosurgery. 

Epitheliomas of the dorsum of hand or wTjst, even when the growths ex- 
tend into the tendons, are admirably handled by clcctrosurgery, which is 
secondary only to radium well-managed. 

For certain urcast cases it Is supreme, cspeci.illy in the presence of nodular, 
ulcerated, massive scirrhous breasts, xvhen there is not a shadow of a hope 
of a successful removal by classic methods. In such case electrosurgical e.xtir. 
palion of the mass often proves of inestimable value in stopping the pam 
and the discharges, as well as in freeing the poor victim of the unsightly re- 
minder of a doom daily approaching. Nor ncerl one always hesitate e\en 
when there is fixation of one or more massive glands. After the main mass 
is removed, areas of lingering disease can often bo coagulated out of «jsl- 
ence and glands can be removcti, or, with the fire of the heavy flashing 
current, destroyed m sUu and left to be absorbed. Some patients in this group 
e.xpress more gratitude for relief than others do for a radical cure. In m^y 
Instances recurrences are slow to occur and when the patient is old, it be- 
comes a special blessing, as she may go to the end apparently cured. 

Malignancies about the abdomen offer a fertile field for electrosurgery. We 
can destroy papillomatous ovarian implants faster than it can 
Small areas of carcinoma are readily destroyed and left where found, while 
a scirrhous nodule in the intestinal tract can be wdely destro3^d even 
through into the lumen of the bowel, and ab-andoned after turning it in and 
suturing the wound with a couple of I/cmbert sutures. In resectipg the bowel 
for malignancy, if one finds an affected gland in the fork of a lar^ myen- 
teric vessel distant from the field of operation, it can be wnped 
existence by puncturing it and coagulating the whole gland, if 
by grasping the vessels with the fingers to limit the transmission of the heat. 

Malignant vulvar disease should always be removed by electrosurgery ana 
any inguinal glands sparked out of existence. 

In experiments on the liver and kidney, Ward and Pearse have ryec ^ 
portions of both organs with a marked lessening of the hemorrhage. In e 
liver there was practically no bleeding during excision of a complete o . 
In nephrotomy and partial nephrectomy, in spite of the large arterial supp y 
of the kidney, bleeding was markedly diminished in the peripheral areas, 
the neighborhood of the pelvis, the larger vessels required clamping an - 
agulation. Scott has carried this into the clinical field, removing portion 
the kidney for tumors and stone. , ... • 

Electrosurgery is opening up a large field in brain work as it wi 
spinal cord surgery. In the brain, as shown by Cushing, electrosurgery i 
the greatest value in opening up the meninges, in making a safe , 

an abscess, and above all in the etfective handling of hemorrhage. It 
enlarges the field of control over malignancy, simplifying the 
the disease in sterilized “curls” and in the further treatment of the encap- 
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tends, perhaps, to prolong solid union. This is, of course, not necessarily 
the fault of the electric technic, for slow healing in fat subjects is never 
surprising. Broad approximation of wound surfaces and an interval of a 
day or two longer before removing sutures are advised 
The electric scalpel cuts so keenly and with so little pressure on the 
tissues that great care must be taken not to go deeper than is intended. 
For example, in dividing the abdominal wall the peritoneum should be 
entered in the usual way with knife or scissors for fear of injuring the 
viscera by the current. In the region of large vessels or of important nerves, 
the greatest delicacy of manipulation must be observed. 



Fic 53 — Large round-cell sarcoma involmg face, antrum, malar bone, floor of orbit, 
and ethmoid sinuses, as well as tissues csitbin Ibe orbit 
_ Fic 54 — Showing result of one radical electrocoajrulation operation including exenter- 
ation of orbit. tNo other method could possibly haw produced such a result ) 

The outstanding features of electrosurgery are the saving of time, the 
greater assurance of asepsis, and the reduction of what may be called 
the massage effect, so dangerous in operating through infected or neoplastic 
structures. [.S«rg. Cynec. Ohst , p 513 (Feb.) 1931.] 


Dr. Edward L, Keyes, of New York City, spoke conservatively, 
though in the main favorably, of electrosurgical methods for certain 
opwations in the genilo-urinary field. 

Dr. John D. Ellis, of Chicago, in his paper, “The Healing of Elec- 
trosurgical Knife Wounds,” summarizes as follows: 

Only 60 per cent of electrocutting skin wounds in dogs where the 
minimum of current was used healed by primary intention, as compared 
° 97 -S per cent of scalpel wounds. 

2 This 60 per cent which healed did not present a tensile strength 
equal to the scalpel wounds for 21 days 


2C [vSio‘’mVn“ Elcctrosurgical Methods 

linear disintegration of tissue with minimum charring or coagulation. A 
cautery blade of the ordinary type loses its heat by contact with the tissues, 
so that coagulation is more massive and the knife sticks to the sur- 
face of the wound. With the electric scalpel, on the contrary, the wound 
is clean cut, and except for the absence of bleeding, its edges in skin in- 
cisions resemble those made with the sharp knife. 

Skin, fat, and muscle 'arc divider! without apparent effort by the operator, 
and denser structures such as fibrous tissue m.iy also be sectioned, but 
more slowly. Capillary oozing is practically absent. With the rapid cur- 
rent which I have used in my operations, there is bicerling from many 



Fig si— Erlensivc basal-cell cpUhcIioina ot the rodent ulcer type, Invobing the 
abdomen, two ribs, and at one point extendinp almost through to the peritoneum. 

Fic SI — Result of one clcctrocoaculatlon operation under ether anesthesia. No recu^ 
renee in 6 )cars. Xo other method but electrocoagulation could hat’c accomplished sue 
a good result 


of the smaller as well as the larger vessels when they are divided, but 
this depends, of course, on other things than the mere division of the vessel, 
e. g., the coagulability of the blood and the elasticity of the vascular walls, as 
well as the hydrostatic pressure in their lumen. All bleeding points are 
caught with forceps. ^Miether a vessel needs to be ligated, or whether it 
may be permanently sealed by touching the clamp with the coagulating 
electrode, can be determined only by experience. ... As a rule, 
a small spurting vessel which has been sealed should not bleed on lightly 
sponging the wound. If there is any doubt, ligation should be done as 
in ordinary surgical procedure. In any ewnt, I believe it is safest to deal 
individually with wounds of the vessels. Secondary hemorrhage in the absence 
of suppuration is no more likely to occur after an electrically made wound 
than after an incised one. I confess to Insufficient experience to gen 
eralize too certainly in this matter, although in some of my cases tne 
wounds have been very e.xtensjve. When there has been neat approxtrna- 
tion, primary union may be confidently expected. I feel, however, tna 
in the electrically produced wound the presence of a thick adipose layer 
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High-Frequency Knife 

I. Rapid and complete severance of the tissues, whether for removal 
or simple incision through normal or abnormal structures. The rate of speed 
in handling the electrode, together with the power control, governs the de- 
gree of dehydration and the electrocoagulation of the severed surfaces, and 
hence controls or checks the bleeding or oozing from capillaries and also 
seals the lymph vessels, thus giving a clear operative field. Such a clear 
operative field favors an easier and quicker operative technic, together with 
the elimination of the obstructive hemostatic forceps and the constant 
and bothersome use of gauze sponging, thus reducing the time limit of an 
operation — major or minor — ^to a minimum. WTiile the smaller blood vessels 
are thus controlled by the dehydration of the cutting electrode, the larger 
vessels should invariably be ligated as a procedure of safety. 



Fio 57 — Basal-cell epithelioma invohniig upper and lower e>elids, canlhus, and 
conjunctiva 

58 — Showing a t>pic 3 l result of the electrodesiccation remocal of such lesions 
I have personally treated over 500 cases of epilhelioma of the e>ehd5 and canthi, and 
ay etperience indicates the great value of the electrodesiccation method in these lesions 


2. The facility of using the electrosurgical knife is acquired only by 
thorough study of the manipulation, and strict attention to the principles 
gov^ping the use of the same upon living tissues of the human body after 
multifold e.yperimentation upon a nonviable subject. 

In so using the electrosurgical knife, it has been the custom of the 
witer to entrust the management of the foot switch — which lets on or re- 
leases the current — to the trained assistant operating nurse, who at the 
announcement of “on” or “off” controls the current. This feature cannot be 
emphasized too strongly, inasmuch as the operator should give his sole 
fo the technic of the operation and not be disconcerted by the use 
fh on the srvltch; then, too, the operator can then be free to 

tiange position as the exigencies of the operation demand. 

should never be allowed to use the electrosurgical knife on 
ne living human body, nor should any surgeon attempt to use it without 
previous close study of its applicability and manipulation. 
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3. Incisions of the stomach and muscle with the electric knife present 
a much more satisfactory percentage of union and strength of cicatrization 
comparable to the wounds with the scalpel, cvcepl that the electrocutting 
wounds of the stomach were notably weaker at the midpoint of healing. 

Dr. A. C. Scott, Temple, Tc.xas, in his paper, “Elcctrosurgery in the 
Treatment of Malignant Disease,” staled, “Observation in the use 
of the loop cautery knife in more than 1,500 operations for malig- 
nancy leaves us with no other alternative than the conclusion that 
at present it is the safest and most dependable means of eliminating 
local recurrence of malignancy after major surgical removal.” 


Fic. sS‘“Ettcnslvc basal-ccll epithelioma Involving the eye, all tissues in me or > 
bone, nose, and tissues surrounding the orbit. 

Fic. 56 — Result ol removal of diseased tbsue, including complete ecenteration of 
orbit by the coagulation method. 

Other papers by Dr. H. F. Pierce, Ph. D., Baltimore, JId., Dr. A. L. 
MacLean, Baltimore, Md., and Dr. Bowman C. Crowell, Chicago, 11 •, 
commented favorably upon the possibilities of the high-frequency 
knife in general surgery. _ . . 

The following has been contributed by Dr. Edward H. Trowbridg , 
A.M., M.D., F.A.C.S., of Worcester, Mass.: 

In the employment of any special instrument or apparatus in surgery, 
certain prerequisites are obvious. 

A. General applicability. _ .j 

During the past three years the electrosurgical knife has “ 

in all operative cases in the Harvard Private Hospital, Worcester, J> » 
whether major or minor in character, such as incisions through the 
wall, cholecystectomy, appendectomy, cystotomy, abdominal hysterec 0 y 
(supravaginal and complete), cesarean section, amputation of cervix. 

B. The various features of the electrosurgical knife are as follows: 
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ceps, which would obscure the field and retard the progress of the operation, 
was eliminated, and a more rapid operation performed, as time was an im- 
portant element. The writer is an ardent advocate of the electrosurgical 
knife. 

Neoplasms of Face, Nose, Eyelids, Ears, and Cutaneous 
Surfaces Generally 

Neoplasms of the face, nose, eyelids, ears, etc., whether benign or 
malignant, require a method which will insure a good cosmetic result, 
without sacrificing thoroughness of removal. Unless the lesion is very 
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The advanlaRcs in ti^e use of such an cicclrosurRical knife are readily 
comprehended as when employer! in the removal of the gallbladder, and 
likewise in pelvic surgery, where the structures to be removed are so deeply 
situated, and, at times, so difficult to manipulate. 

3. The healing of the tissues. 

Primary healing is invariably obtained, and the ideal line of union is the 
pleasing result. This result, however, may not be achieved if the tissues be 
subjected to a too extensive dehydration of the cut surfaces, and a slight or 
somewhat enlarged slough be caused, and healing be thus retarded. Such 
a condition did occur In the experience of the writer in doing a cystotomy 
for the removal of two large calculi on a person with thick abdominal wall. 
This case uxis among those first operated upon with the use of the knife, 
but no such c.xpcricnce has occurred since that time. 



Fio. 59, — Showing a recurrence after sunncal exebion of a small round-cel! sarcoma 
of the lower eyelid 

Fic^ 60 — Afiain lllustratinc the result of one elcclrodesiccatlon operation without 
cicatricial contracture, and repeneration ol normal tbsue. Patient can close oxlids, and 
vision b not impaired This case was followed for eipht years and no recurrence was 
obsersxd. 


4. After-results. Very little or no opiate at all is required postoperatively. 
Drainage in less amount — drainage tube removed within shorter interval 
(two to four days). 

Case of complete hysterectomy on January 2, 1932, age 70, operation 
refused for over two years; relief demanded by patient. The electrosurgical 
knife used in opening the abdomen and in severing the broad and round 
ligaments and in severing the cervix from the vaginal junction; a boggy 
uterus, size of grapefruit exposed with two fibroids size of English walnut 
on either side of uterus just above cervix. The uterus was so rotten at 
the cervical junction that the tissues were easily torn when traction was 
made, and hence the necessity of removing the uterus as in supravaginal 
technic and then the cervix subsequently. 

In all this procedure the minimum amount of blood was lost; such a 
favorable resul however, could not have been possible had the ordinary 
scalpel been used Then, too, the necessity of using several hemostatic for- 
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ceps, which would obscure the field and retard the progress of the operation, 
was eliminated, and a more rapid operation performed, as time was an im- 
portant element. The writer is an ardent advocate of the electrosurgical 
knife. 

Neoplasms of Face, Nose, Eyelids, Ears, and Cutaneous 
Surfaces Generally 

Neoplasms of the face, nose, eyelids, ears, etc , whether benign or 
malignant, require a method which will insure a good cosmetic result, 
without sacrificing thoroughness of removal. Unless the lesion is very 



Fio 6i— Melanotic sarcoma involving the orbit, ethmoidal and frontal sinuses 
Fro 62 — Result of one electrocoagulation operation. 

Fio 61. — Showing artificial e>e and brow by the sculpture method 



Fic 64 — Mixed-cell sarcoma originating in the ethmoid sinus, filling the orbit anrf 
causing great bulging of the eyebaU 

» i —Result of a radical coagulation operation and radium treatment Photogranh 
wi^en four years after the operation ^ 
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extensive, the elcclrodcsiccation method admirably fulfils these re- 
quirements. Given a case of epithelioma of moderate size on the face 
or other locations mentioned, requiring complete removal, the technic 
of an electrodesiccation operation is briefly described as follo\vs: 

Technic. — The patient should lie in a convenient position on an 
operating table. Preliminary cleansing and sterilization of the operative 
field is first practiced as in any surgical operation. Novocaine (r per 
cent) anesthesia by infiltration well beyond the lesion has been found 



Fic 66 —Congenital cavernous ancioma of the orbit. 

Fio 67— Showing complete exenteration of the orbit by coaguiation E>elid was 
dix-ided and dissected back so as not to be Injured by the current. 
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to be quite satisfactory. After the current is regulated to the proper 
intensity as hitherto described, it is passed through a sharp serving 
needle, held in a suitable handle, of which there are several tj’pes 
available for the purpose on the market. Owing to the relatively 
high voltage of the current producing the electrodesiccation, it is not 
necessary to employ an indifferent electrode anywhere on the patient’s 
body to complete the circuit. The current is carried to the ground, thus 
sufficiently completing the circuit through the patient’s body. 

The growth is then electrodesiccatcd through its area and depth 
(according to the general technic described under the heading 


pG 70 — Gboma of the retina. Recurrence alter rcpular surgical removal In five 
It had recurred and progressed so rapidly that the growth measured 25 inches in 

circumference. 

. — The outside lesion as well as the disease in the orbit was remo\-ed by the 

ctrocoagulation method No recurrence in 0 months, when the child died of another 
cusease, the character of which was not determined 

Etectrodesiccation’), after first systematically ctftting off the blood 
"’ith the current in the normal tissues well beyond the disease, 
1 * U be malignant. This preliminary practice is designated by Kelly as 
circumvallation.” After the lesion has been thoroughly devitalized, it 
may be curetted away if soft and friable, or e.xcised by scissors, cold 
scalpel or the high-frequency knife if dense and firm. The cutting, 
o^ever, should be done through the electrodesiccated tissue if pos- 
le, and not beyond it into the healthy tissue. There should be no 
pnmary hemorrhage, and indeed, no secondary hemorrhage, unless 
, vessel has been electrodesiccated through. Precautions 

Quid be observed to obviate this possibility as hitherto described, 
e wound is dressed according to classical surgical rules, the remain- 
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ing slough is removed when separation takes place, and healing may 
be expected to progress rapidly. The curative and cosmetic results in 
a great variety of neoplastic lesions on the face and adjacent parts 
are superior to other methods designed for the purpose. 

Neoplasms of Lips, Oral Cavity, Jaws, Orbit, and Sinuses 

Electrodesiccation and electrocoagulation are adapted for minor 
operations and also for the radical removal of benign and malignant 
growths in these locations. The advantages of these methods, accord- 



Fjo. 7j— S howinR a case of squamouJ-cell carcinoma of the vocal cords, treated by 
electrodesiccation by direct vision through a hryngolomy opening. Radjum 
was also given from the outside. No recurrence in lo years. A similar result was obtam 
in two other such cases 

ing to my experience, are the comparative freedom from hemorrhage 
in otherwise sanguinary operations, the conservation of the maximum 
amount of tissue, the ease of devitalization and removal of bone even 
when the involvement is extensive, the immediate relief from pain 
(which in these cases is often excessive), the absence of contracted 
scars, and the conservation of vitality in adjacent normal tissues. 
In case of recurrence another operation can be performed^ with as 
good a chance of success as before the first operation. This is not 
true of radium or x-ray treatment, for once treatment to saturation 
is accomplished, nothing more can be expected from their use at any 
future time. Even after radium or x-rays have been employed to the 
limit without success, or after recurrence following their use, electro- 
desiccation or electrocoagulation may still be used with a fair chance 
of success. With increased personal experience with all surgical and 
irradiation methods I am impressed with the inferiority of the older 
surgical method«; for the removal of neoplasms in the locations under 
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Neoplasms of Lips, Oral Cavity, etc. 

discussion, and the superiority of the electrosurgical methods in these 
locations. I am also led to the firm conclusion that radium should not 
be employed in intensive doses near bone, since radium necrosis of 
the bone is almost certain to occur sooner or later, and that condition 
is almost as serious to the patient as the malignant lesion for which 
it was employed. For example, in the light of present knowledge it is a 
most reprehensible practice to apply radium in the maxillary sinuses. 
It may be employed from the outside, however, with comparative 



Fig 73 — Mixed-cell sarcoma ol bulbar conjunctiva and cornea. 

^ Fig 74 — Result of one electrodesiccafion treatment, with no perceptible scar and no 
irapairincnt of vision This case illustrates the practicability of treating growths near the 
cornea. Many such lesions have been successfully treated 


safety, since the advantage of distance is obtained, and filtration of 
softer destructive rays is then possible. Radium or x-ray treatment 
to the lymphatic drainage areas is a different matter, and the use of 
one or the other should be the routine practice. I am strong in the 
belief that all primary lesions in the locations mentioned should be 
removed by one or the other of the electrosurgical methods, for 
reasons that are so valid that possible arguments against such practice 
Mn easily be answered. 

When it is considered that the mandible (from the median line to, 
'ucluding, the maxillary mandibular joint) can be resected, half 
of the upper jaw removed, the tissues in the maxillary sinus and the 
bony structures enclosing it ablated, the orbit exenterated, and the 
“Ontal and ethmoid sinus cleared of disease without serious hemor- 
rhage or great surgical shock, by a single electrocoagulation operation, 
men an idea is given of its potency and range. 
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If enthusiasm there be, it is pardonable upon the basis of facts and 
matured appraisement. One who has seen the curative and cosmetic 
effects of an electrodesiccation operation upon epithelioma of the lower 
lip, for example, would not again seriously consider excising it by the 
older surgical method. 



Fio. 75 -Basal-cell epithelioma InvoKine the ear, parotid phnd, surrounding tissuesi 
the mastoid bone, and the ear canal, extending almost down to the tympanum. 

Fio 76— Demonstrating the fine control by the eiccfrodesiccation method One such 
operation was pctlormcd under ether anesthesia. Both factil ncr\’e and hearing were 
consers'cd Note cotton in ear canal for cleanliness and protection. 



Fic 77. — Sq.i Lious-cell caranoma, grade 3, of ear and mastoid region, induding 
involvement of 1 ne 

Fic. 78 — R' alt of combined electrocoagulation and radium treatment. No recurrence 
in t4 years; patient still livin^t 
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Electrosurgical Methods 


Technic. — As another example of technic, a description of amputa- 
tion of the tongue for advanced cancer by the electrocoagulation 
method has been selected, and it is as follows: 

If the case is far advanced with considerable emaciation, it is 
proper to do a preliminary gastrostomy. This has several advan- 
tages, namely, it permits of the building up of the patient’s strength, 



Fig. 82 — Showing typical T*ray lesion on hand of pioneer worker. Lesion 0 
IS squamous-cell epithelioma. The clectrodesiccation method has pro%-ed satistactory 
treatment of many similar lesions. 


relieves the pain incident to swallowing, and frequently results m a 
considerable reduction of the swelling and induration in the tongue and 
pharynx, following the rest given to those parts. The tongue can then 
be readily electrocoagulated through its base and excised. Primary 
and secondary hemorrhages are unusual. To diminish even the small 
risk, it is wise to do a preliminary ligation of both external carotid 
arteries. Ether anesthesia is employed; the ether should be removed 
from the room and the fumes fanned away when the patient is 
anesthetized ai d before applying the current, else the vapor 
ignite Shoulf .e operation be unusually prolonged, and should the 
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patient show signs of regaining consciousness, it may be temporarily 
discontinued as often as required while ether is again administered. 
Frequently the operation is of such short duration that the use of ether 
a second time is not necessary. Scopolamine, i/ioo grain, and mor- 
phine, J4 grain, may, in some instances, be used hypodermically one 
hour before the administration of ether. Less ether will then be neces- 
sary, and the immediate postoperative discomfort wll thus be mini- 
mized. 

Since electrocoagulation is produced by a current of relatively high 
amperage and low voltage, an indifferent electrode placed on some 
part of the patient’s body is necessary to complete the circuit. This 



Fic 83^^howing squamous-cell epithelioma in skin of abdomen, a late result of 
•ray treatment for a fibroid tumor of the uterus This was before the days when 
filtration were well understood A coagulation operation 
red this patient, and complete healing was accomplished without skin grafting. 


electrode may be made of block tin or some other flexible metal, or 
electrode, made, for example, of asbestos or heavy towels, 
"nich is in turn covered wth some metal. These electrodes should 
^bout 8 X 10 inches, more or less, depending upon the size 
0 the patient. The indifferent electrode selected should be placed low 
uorni on the back of the patient, the weight of the body holding it in 
P ace and insuring a good contact. A good contact at all points is 
important, else sparking to the body might cause a localized high- 
“Cquency burn. 

. separating the jaws with a mouth gag, a heavy silk suture 
through the lip of the tongue from side to side, by means 
k ^ organ is drawn w'ell forward. The coagulation needle is 
^*^°.^Sht in contact with the dorsal surface of the tongue as far 
OK as IS necessary, and the current turned on either by the operator 
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by means of a foot control, or by an assistant on signal. The needle is 
slowly moved across the tongue, and after the surface is coagulated, 
the needle is carefully inserted into the tongue to the proper depth 
at different points, allowing electrocoagulation to take place as the 
needle penetrates. This having been thoroughly accomplished, the tip 
of the tongue is elevated by means of the attached suture, and a 
straight sharp sewing needle of proper length is substituted for the 
curved needle previously used, llie frenum is then coagulated, and the 
electrified needle is inserted bel\i'ccn the tongue and the floor of the 



Fio S4— Small pound-cell urcoma InvoMne li«sue of the ferfhead and frontal bone, 
and extendint; throuRh into the front.il slmis and upper and lower eyelids of botn eyes 
Vision lost through mechanical closure of lids. 

■,Fio, SS-— EleclrocoapubUon not indicated owine to invohement of such 
w6u1d result In loss of idsion Kadium needle treatment emplojcd 'nth eTcellenl resuu. 
Showing appearance three weeks after treatment. 

Fio, S6. — Showing final result Patient lived three and one-half years after treatment, 
and fimlly died from extension of disease to the brain. 


mouth. When electrocoagulation is again completed, curved sassors 
•may be used to cut through the electrocoagulated area on both sur- 
faces, and the tongue is then separated from its attachments ana 
■jremoved. 

After-Treatment. — The after-treatment consists of simple anti- 
septic mouth washes, and the application two or three times daily o 
a weak solution of hyposulphite of sodium, which sterili^s, deodor- 
izes, and tends to keep the slough free from maceration. Care snou 
be taken not to remove the slough prematurely, else secondary hem^- 
rhage might occur. Such a major electrosurgical operation shouJd he 
performed in a well-appointed operating room, using the same ‘ 

tory technic as in any surgical operathn, though the nec^sity o 
sterilization is not as great when the electrosurgical methods are 
employed as ivhen the cold scalpel is used. 



Neoplasms of Lips, Oral Cavity, etc. 


Chapter 201 
Volnnie uJ til 



Fio 87.~ML'ced-ceII sarcoma of the shoulder. Fecurwnce afler two suritica] excisions 
Fic 88— Result of combined electrodesiccation and radium treatment Patient lived 
8 years without recurrence 



The In tjpical recurrence of melanotic sarcoma after surpical cTcision 

^ t- 5*^ ^'5ease in this case was controlled by employment of the electrodesiccation 
ciimK.j ^hen new foci appeared The patient Ii\cd for years, and finally sue* 
'•““Md to toeUstasis to the lungs 
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Hemorrhoids and Other Rectae Lesions 

The elcctrodesiccation method has proved most satisfactory for the 
removal of internal hemorrhoids, fissures, fistulas, papillomas, ulcers, 
and localized malignant lesions of the rectum. The following technic 
for hemorrhoidectomy is almost identical with that of the clamp and 
cautery operation, except that elcctrodesiccation is used as the active 
agent instead of the cautery. 

Technic. — The usual preparation of the patient is carried out. Local 
infiltration anesthetization by classical technic may be employed. 



tion w 
tion d 


although in some supersensitive individuals a general anesthetic, pref- 
erably ether, is used. Caudal anesthesia is preferred by some opera- 
tors. After stretching the sphincter muscle sufficiently, each 
rhoid is pulled down in turn by means of suitable tenacula, and the 
pile is clamped at its base in the direction of the muscle fibers, wmcn 
are at right angles wth the anus. The pile is then electrodesicc^ea 
(by the technic described for other lesions) do\vn to the clamp, the 
clamp is then removed and the hemorrhoid is permitted to sloug 
away, or it may be excised at once not quite down to the clamp, 
latter method is preferred. Postoperative hemorrhage is not greatly 
to be feared, there is no resulting cicatricial contraction, and as a 
rule postoperative discomfort is not great. In some cases, however, 
it is greater than ‘n others. Patients should be hospitalized and remain 
in bed for a few days as a safe precautionary measure. The electro- 
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desiccation method for removing hemorrhoids is an advance over the 
Whitehead, ligature, clamp, and cautery operations and the injection 
methods, for the radical cure of hemorrhoids. 

The electrodesiccation technic described has been found to be more 
satisfactory for hemorrhoidectomy than the more intense electrocoagu- 
lation method. The practice of passing the bipolar, high amperage 
current (diathermy) through a metal clamp, after the hemorrhoid is 
engaged in the clamp, is not as satisfactory as the method described, 
owing to the possibility of unnecessarily electrocoagulating tissues 
adjacent to the hemorrhoids, the greater inflammatory reaction, and 
possibility of subsequent contracture of the lumen of the rectum. 


Breast AiiPUrAxioN bv Electrosurcery 

In some cases of ulcerated cancer of the breast, when there is not 
sufficient healthy skin to permit approximation by suturing, the elec- 
trocoagulation method may be used. This has the disadvantage of 
leaving an open wound, which must necessarily heal by granulation. 
It has the advantage, however, of immediately ridding the patient of 
a discharging, malodorous, ulcerating growth, with almost immediate 
relief from pain. It is astonishing how a large healthy ulcer in the 
mammary gland and other locations, thus produced by electrocoagu- 
lation, will heal by granulations without the necessity of skin grafting 
after removal of the disease down to a healthy base. A note of \yaEning 
is sounded to use care that the electrocoagulation is not expended 
through the tissue in the intercostal spaces, lest there be a'' slough 
through into the pleura or pericardium. 

l am indebted to Dr. Harry E. Mock, of Chicago, 111., for the fol- 
lowing data upon breast amputation by the high-frequency knife, 
which has a wider field of usefulness in breast work than has electro- 
coagulation. 


Technic. — In breast amputations the skin incUion I. [Dr. Mock] use is 
similar to that described many years ago by Halstead. At first I made this 
incision with the high-frequency knife, but in my experience the healing 
of the skin margins is somewhat slower than when it is made by cold scalpel. 
Therefore, in more recent years the incision is outlined by the scalpel and 
barely passes through the skin. The few bleeders encountered are grasped by 
small hemostats, and are later sealed by barely touching the hemostat with 
the point of the electrode needle with the current changed to a partly electro- 
coagulating current. The incision is now carried through the alveolar tissue, 
muscles, down to the ribs, and a dean dissection of the breast, 
^dmg the pectoralis major and the pectoralis minor muscles, is made 
pward to the axilla. The smaller vessels are usually electrocoagulated during 
. , S^^dng procedure, but the larger vessels are grasped by hemostats before 
tur severed with the cutting current The cutting current is then 

bv'fh electrocoagulating current, and the hemostats are touched 

y he electrode until the vessels are thoroughly electrocoagulated. Seldom 
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ate more than two or three licituns used throughout the entire oneralion 
removal of glands in the axilla. The breast 
hrvK°S ',^Tl‘'®‘' '^ “r hnrarti the posterior axil- 

, ry hoc, after the inusdK arc severed near their insertion to the humerus- 

aid th’e'f f "I “f'f surrounding the axillary artery and veim 

and the lover bmnehes of the brachial plexus, is now carried out in the 
usu.al way tvith the Kochcr dissector nnd tissue forceps. Just as soon as this 
dissection IS sufficient y removed from the axillary arlciy and vein the 
axina''^pTorv'^df >1>« further dissection of the 

anr lintels,? 1 f ''’'S' ’’rc removed from above and behind 

of.he iTf 1 e.xtern.-illy to the ves.sels, and from behind the margin 

avill, <■"'?' und downward to the most dependent angle o! the 

avllanl" ft' "'"sete, the glands, and the fatty (issue from the 

ajtiua are now completely removed and sent to the laboratory, 
tVe 1”’" mserted through the skm Jlap mto the axilla, 

dependent portion of the latter. The skin in- 
hcm^tSis ircompi^^^^^ silkxvorm-Kut and silk, after making sure (hat 

operation can be completed by me in approxi- 
mately Uvo-thirds of the time consumed in the breast amputatfon with the 
scalpel and the hgalion of all bleeders. 

these p.iticnts have practically no complaint of pain 
operation fay this meth^. rracticalJy every observer has 
rerwrked upon the decreased p.ain when electrosurgeiy is used. 

*u , studies of (he blood vessels and lymphatics show definitely 

that these are sealed by the cutting current. The fear, therefore, of dis- 
naTed^^*^^ during the operative procedure Is practically elimi- 


Di^dvantagp. — Hemorrhage following breast amputation has not oc- 
curred in any of my cases. However, in one case of removal of a benign 
umor from the breast by electrosurgery, a hemorrhage did develop. 

in about 50 per cent of the cases, especially if they are fatty subjects, I 
must admit (hat there is a great deal more coliectlon of serum in the wound 
method Great care must be exercised when one passes an 
Tf current through a hemostat far the purpose of hemostasis- 

touches the skin, the latter wU be eleclrocoagulated or 
SirD considerable delay in the healing of the incision at 


imputations, whether by the cold scalpel or the high- 
^ 1 surgical death, that is, death following 

thnwox- / »j ^ to the operation. This case developed a complete pneumo- 
f by a streptococcus infection, with death at the end of one 

in operation At autopsy there was revealed a small opening 

#»vf».nri,T> portion of the axdla between the third and fourth ribs, and 
mto the pleura. There are two possibiiities for this 
ih/x pnvi ,> Fust, It could have been caused by pressure from 

it rn.iW h ^ube, as the tube lay exactly In this position; second, 

■ ■•e been caused by a slough developing at the point of coagulation 
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of a bleeding vessel. Since this catastrophe, I have guarded against, and have 
warned others against, the use of too strong an electrocoagulating current 
over the intercostal spaces. 


Results. — I have used electrosurgery in breast amputations for a period 
of five years. I am positive that more patients are remaining free from 
metastasis during this five-year period than during any other five-year 
period of my erperience. However, the time is too short to give any 
statistics or arguments which would be of value in the ultimate end-results. 
Even if the percentage of recurrences or metastases proves to be equal to 
the series of cases in which the cold scalpel was used, yet the increased 
rapidity and ease of this operation by means of electrosurgery, and the 
reduction in pain and shock by this method definitely warrant its use. 



Fic 91 — One of two similar cases of anthrax infection treated the same day by the 
eiectrodesiccatson method. These casts were referred from a baclerioiogic laboratory-, 
f patients were accidentally infected Temperature at the time was 1042° F. 

Uo C). Serum was employed to combat possible blood infection. 

Fig 92— Rapid recovery in both cases after one eJectrodesiccation operation. Note 
food cosmetic result. Photograph taken one year after treatment. 


TimioiDECTOMY WITH Electrosurgery 

Evidence is accumulating that electrosurgery is a valuable adjuvant 
M Its use in this condition was first described by 

4 lock, of Chicago, who gives the following description of this op- 
eration. [/. A. M. A., 94: 1365-1368 (May) 1930.] 

Technic. — ^The usual skin incision is made in the neck either with a 
^|pel, the numerous small vessels, which are alwa>-s cut, being grasped 
wie hemostats, or with a purely cutting current, the bleeders like- 

se being grasped with hemostats. WTien the incision is made with the active 
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or cutting electrode, it must Uc done quickly and accurately in order to 
obtain a clean-cut incision through the skin. 

The next step is to seal the numerous small bleeders exposed by the skin 
incision. The assistant in charge of Ihe generating machine changes the 
switch from a cutting to a scaring current, and (he operator then touches 
each hemostat in turn with the point of the active electrode (held in the 
pistol grip) . The current passes down the hemostat and seals the end of 
the vessel, thus eliminating the use of a ligature. Throughout the entire 
operation practically all vessels arc sealed in this manner instead of being 
ligated. The usual exception is the superior thyroid arteries, which as a 
further precaution may be both ligated and sealed. 



Fio. 93 — Nevus pigmentosus occumne on the abdomen of a younx woman. Radium 
Ireatnjent in other hands was unsuccessful, serving only to complicate the case 
Fw 9-^ ^Result obtained by etcctiodesiccatlon after radium failed. 


The assistant next turns the switch back to the cutting current, and 
the operator proceeds to expose the thyroid gland. The incision is now con- 
tinued with the cutting electrode down through the platysma muscle, and 
the skin and the platysma flaps are dissected upward and downward the 
usual distance These skin flaps are retracted by small nonconducting 
retractors made of a hard fiber. The cervical fascia is now exposed and is 
incised down the middle. It is then freed from the capsule of the gland 
by blunt finger dissection or by a Kocher dissector and is retracted laterally 
along with the sternohyoid muscles by nonconducting retractors. When m 
the case of a very large goiter it is necessary to incise this muscle on one 
or both sides, this incision is likewise done with the cutting current. In 
many cases in which the muscles have not been overdistended by a large 
goiter, thus enhancing the ease of their retraction, it is necessary to ^ 
transverse incision as well as the vertical one, and to turn back the four 
muscular flaps in order to expose the goiter. 
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The goiter is now mobilized by gently passing the finger around its 
borders, but no undue traction is used to deliver it into the wound where 
it can be attached more readily. Clamps are placed on the superior and 
inferior thyroid arterieSj first on the right lobe and later on the left. The 
gland is now attacked in its superior-lateral aspect, the combined cutting- 
cooking current being used for dissection instead of the sharp scalpel and 
hemostats. Occasionally a vessel will bleed and it is necessary to grasp it 
with a hemostat, but as a rule not more than four or five hemostats are 
employed on each lobe, and these, with the exception of the superior thyroid 
arteries, are sealed by passing a cooking current do\\'n the hemostat. Such 
a small amount of this current is necessary, but these vessels are sealed, 
not electrocoagulated, and there is no area left behind to slough, as is the 
case when tissue is thoroughly electrocoagulated. 

Both the procedure advocated so strongly by Crile, of leaving a small 
layer of gland behind along the lateral margins and a small film of gland 
tissue across the trachea, and the method advocated by Reinhoff and others, 
of opening the internal capsule of the gland and dissecting this off the 
anterior surface of the goiter and then removing the latter by an intra- 
capsular dissection, have been used. \Mien the latter method is employed, 
an effort is made to dissect the capsule away from the gland, retracting it 
laterally, but performing this dissection by means of the electric current 
rather than by a blunt incision. 

The chief purpose of this entire method of attack is to seal not only the 
blood vessels, but the lymphatics just ahead of the incision, thus preventing 
the escape of the thyroid toxins into the circulatory (blood and lymphatic) 
system, with the subsequent severe reactions not infrequently seen following 
these operations. Therefore, when (he goiter proper is reached, every effort 
is made to avoid the use of scalpel, scissors, or blunt dissector. . . . These 
are replaced by the cutting-sealing electric current, e.xactly as is done in 
the case of a malignant growth in which the desire to seal the blood and 
lymph channels is even more important. 

The bed from which the goiter is removed is now carefully inspected, 
any bleeding points that appear are sealed with the current, and the re- 
maining edges of the capsule are approximated wth plain catgut. A drain 
of soft small rubber tubing is inserted as a routine In three cases closure 
has been effected without drainage, but in one of these there was a con- 
siderable collection of serum. In one case a small hemorrhage developed, 
which was readily controlled by pressure dressing. The skin is closed bv 
fine silk sutures, and the drain is removed in from 24 to 48 hours. 

Anesthetic. — The anesthetic of choice in these cases of goiter is o 5 per 
cent procaine hydrochloride, used locally. One hour preceding the operation 
the patient is given morphine sulphate, grain (16 mg.), and scopolamine, 
1/150 grain (0.4 mg). With this anesthetic no precautions need be taken 
on account of the electrical current. 

Wrtrous oxide gas may be used without undue fear of an explosion, 
and ether can be used. In the latter two cases a \>et flannel roll is placed just 
below the lower edge of the mask, and further protection against the fumes 
of the ether reaching the electric spark is provided by a rubber apron placed 
^ anesthetic frame and held tightly by clips against the skin of the 
cheeks and chin. In all but one of the in this series, local anesthesia 
Was used. 
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or cutting electrode, it must be done quickly and accurately in order to 
obtain a clcan>ciit incision through the skin. 

The next step is to seal the numerous small bleeders exposed by the skin 
incision. The assistant in charge of the generating machine changes the 
switch from a cutting to a searing current, and the operator then touches 
each hemostat in turn with the point of the active electrode (held in the 
pistol grip). The current passes down the hemostat and seals the end of 
the vessel, thus eliminating the use of a ligature. Throughout the entire 
operation practically all vessels are sealwl in this manner instead of being 
ligated. The usual exception Is the superior thyroid arteries, which as a 
further precaution may be both ligated and sealed. 



Fic 93 — Nevus pigmentosus ocnim'ns on ihe abdomen of a young w’oman Radium 
Ireatment in other hands was unsuccessful, serving only to complicate the case. 

Fig 94 — Result obtained by eicctrodcsiccatlon after radium failed 


The assistant next turns the switch back to the cutting current, and 
the operator proceeds to expose the thyroid gland. The incision is now con- 
tinued with the cutting electrode down through the platysma muscle, and 
the skin and the platysma flaps are dissected upward and do^^'nw3^d the 
usual distance. These skin flaps are retracted by small nonconducting 
retractors made of a hard fiber. The cervical fascia is now exposed and is 
incised down the middle. It is then freed from the capsule of the gland 
by blunt finger dissection or fay a Kocher dissector and is retracted merally 
along with the sternohyoid muscles by nonconducting retractors, ^^men m 
the case of a very large goiter it is necessary to incise this muscle on one 
or both sides, this incision is likwvise done with the cutting current in 
many cases in which the muscles have not been overdistended by a large 
goiter, thus enhancing the ease of their retraction, it is necessary to ® 
transverse incision as well as the vertical one. and to turn back the four 
muscular flaps in order to expose the goiter. 



Thyroidectomy 


Chapter 201 a (\ 

Volume IlJ 


series that has shown the least evidence of a postoperative thyroid toxicosis. 
It would seem logical to ascribe this to the same sealing of the blood and 
lymphatic channels, thus preventing the escape of toxic substances from 
the cut thyroid gland. 

I am not yet ready to say that this will be my method of choice in 
every case of thyroidectomy. I am, however, convinced that it is by far the 
most rational procedure in all cases of malignant growths susceptible to 
being attacked by electrosurgery. For the same reason it would seem an 
equally rational procedure in malignant conditions of the thyroid, or in 
severe cases of toxic or exophthalmic goiter. 


Disadvantages. — i. The machine for the generating of this electrical 
surgical current is large and cumbersome, and is transported from one 
hospital to another with great inconvenience. It is an e.xpensive apparatus, 
and therefore will usually be purchased only by surgeons or hospitals 
interested especially in malignant conditions, or by those who may come 
to recognize its value in thyroidectomy. Its general usefulness is therefore 
greatly limited. 

2 The surgeon must have at hand a carefully trained assistant who 
understands the mechanism and who can manipulate the various switches 
that modulate the current from the light cutting stage, through intervening 
stages, to a heavy electrocoagulating current. Unfortunately, there are 
only a few persons trained to operate this particular machine. 

3 It requires considerable experience to use just sufficient current to 
make a clean-cut incision in the skin, that wll heal as readily and with 
w little remaining scar as follows a properly executed scalpel incision, 
uith practice, however, this can be accomplished. If too strong an electro- 
coagulating current is used in sealing the blood vessels, one may have a 
peater amount of serum drainage than is the rule when hemostats and 
ligatures are used. Here, again, experience with the current is necessary 
to overcome this difficulty. 

_4 Care must be used not to allow the current to come in contact 

with a hemostat lying across the skin, or a metal retractor; otherwise, 

cooking of the skin, or of the tissue under the retractor, will follow, to a 
degree depending upon the strength of the current This, of course, can 
be easily avoided. 

Conclusions. — i. The value of electrosurgery in the removal of malig- 
nant growths of the breasts and other locations where it is possible to 

attack them by this method has been enthusiastically endorsed by all 

surgeons familiar with its use There is no question that this method 
prevents the escape of carcinomatous cells into the blood and lymphatic 
streams It reduces the amount of shock and gives better hemostasis. 

. 2 In thyroidectomies this method prevents the escape of toxic material 
into the general circulation during the operation, resulting therefore in a 
convalescence devoid of the severe reaction often seen in these cases. It 
shortens the operative period by eliminating the ligation of a large number 
Of vessels. It gives a convalescence almost completely free from pain. 

}■ It has the disadvantage of a cumbersome machine, the need of a 
rained assistant to manipulate the machine, and the added e.xpen5e of 
these two items But, in spile of these disadvantages, this method should 
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Number of Cases and Postoperative Course. — Only 15 thyroid- 
ectomies have been performed by means of the electrosurgical current. The 
method is still being studied and compared with the immediate and late 
results in patients operated on by means of the scalpel with the usual technic. 
All but 3 of these 1 5 cases were extremely severe types of hyperthyroidism, 
with marked loss of weight, rapid irregular pulse rate, and, in four of the 
cases, marked involvement of the heart. The basal metabolism rates varied 
from 35 to 89. 

During the immediate postoperative convalescence, 1 have marveled at 
the almost complete absence of pain in every case; at least 10 of the 
patients have been completely free from postoperative complaints. In no 
case has the temperature been elevated above ior.4® F. (38.5® C.), this rise 
occurring in two cases on the second postoperative day. Six of the other cases 
showed an elevation in temperature to 100° F. (37.7® C.) on the second 
and third days, with normal temperature during the remainder of the con- 
valescent period. Five patients showed normal temperature throughout the 
postoperative period of convalescence. 

The basal metabolism rate in all but three of these cases receded to below 
10+ by the end of three weeks. Only one patient showed a high rate 
four months after the operation. He had a preoperative rate of 59 +. 
four months later the rate was 35 +, although from a clinical standpoint 
he could be classed as having recovered. One patient in the series had a 
rate below — 10, namely, — 

Advantages. — Although this is too small a series of cases to justify 
positive conclusions, a few definite advantages are apparent: 

1. The time of the operation is definitely shortened by this method 
through the sealing of the bleeding vessels rather than the use of the 
time-consuming method of applying ligatures. 

2. In every case, even in the most serious with marked wrdiac in- 
volvement, there has been a complete absence of postoperative shock. 
One patient was in such an extreme condition that the family physician 
called at the hospital just before the operation and begged both the 
patient and his wife to forego the operation, stating that he would surely 
die if submitted to this ordeal; yet the patient made an absolutely normal 
recovery free from all shock and pain. 

3 A convalescence so free from postoperative pain that even the patient 
remarks about the complete lack of suffering is almost the universal rule. 
This result occurring in a group of patients who are usually emotional, given 
to complaints, and often seeking sympathy, is especially noteworthy. 

4. When one has used the electrosurgical method in the removal of a 
large number of malignant growths in breasts, tongues, lips, and paroti 
glands, one becomes deeply impressed with the bloodless field, the absence 01 
postoperative shock, and the freedom from postoperative pain. The great^t 
impression, however, and the greatest sense of security He in the sealing ol 
blood and lymph channels simultaneously with the incision in and around 
the malignant growth. The old fear of opening up channels for the escape 
of carcinomatous cells to some other parts of the body is at once eliminated 
to a great extent. 

The same principle holds true in the removal of a very toxic goiter by 
the elect^osurgl(^l method. There has been no case thus far in this small 
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adds a complication to an already highly complicated procedure. Yet, in 
making a review of the early histories for purposes of this present com- 
munication, I find it expressly stated over and over again that the par- 
ticular procedure in question, though an extremely prolonged and arduous 
performance, was one which, without the electrosurgical adjunct, would 
have been impossible to carry through to a safe conclusion. 

During the two years just elapsed since we hesitatingly began to employ 
the currents in craniocerebral surgery, 547 operations for tumors have 
been performed. Though for some of these operations the electrical methods 
were not essential, there were few of them, even when no tumor was found, 



Fio gj —Showing a tattoo mark treated by electrodesiccation The scar noted was 
hitherto caused by an attempt at cTcision 

Fic 58 — ^The result obtained Electrodesiccation has been found satisfactory for the 
removal of tattoo marks. 


•n which they could not advantageously be employed. The currents are 
useful even for such trifles as brushing the surface of the dura with the ball 
electrode in order to seal the torn meningeal veins, from which persistent 
oozing may sometimes try one’s patience, or similarly for checking the 
persistently oozing points on the under surface of the reflected bone before 
|ts replacement, or for electrocoagulating some refractory vessel on the 
margin. To be sure, muscle implantation, bone wax, and silver 
long been used for these several purposes, and they cannot be 
wholly dispensed with even now, but on the whole, electrical methods usually 
^0 accomplish the same ends more expeditiously, 
pearly 20 years have passed since Pozzi announced to the Academy 
01 Medicine in Pans a method for the cure of malignancy by the action of 
sparks from the terminal of an Oudin resonator, a procedure termed “ful- 
Soration,” as Dr. Bovie mentions in his introductory note. Slowly and grad- 
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be seriously considered in every case of a malignant disease of the thyroid, 
and in extreme cases of toxicity with hyperthyroidism. 

Dr. Martin B. Tinker, of Ithaca, N. Y., at a recent meeting of 
the American College of Surgeons, stated that he found the high- 
frequency knife to be successful in goiter operations. He stated that 
“electrosurgical outfits have been used by a number of outstanding 
surgeons in this country for a good many years, especially in the 
management of malignancy. . . . Their advantages have become ap- 
parent to many members of the profession, and I believe that shortly 


Fic 95 — Nevus piementosus treated by the desiccation method. 

Fic 96 — Showing the good cosmetic result obtained. 

an electrosurgical unit tvill be considered a necessary part of every 
modern operating room, especially where much goiter surgery is done. 

Electrosurgery in Brain Lesions 

Great advances have been made in the use of the various electro- 
surgical methods in brain surgery. The following is quoted in abstract 
form from a paper entitled “Electrosurgery as an Aid in the Remov^ 
of Intracranial Tumors,” by Dr. Harvey Cushing, which was pub- 
lished in Surgery, Gynecology and Obstetrics, December, 1928: 

There is no eainsaying that the employment of the Bovie Unit or any 
other form of ■ urrent generator as an aid to the removal of brain tumors 
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taking hemostasis that have largely put a stop to operating by the clock. 
It has been equally slow to adopt the principles of electrosurgery, which, 
from a technical standpoint, are likely to be no less revolutionizing. 

At a recent meeting of the American College of Surgeons, Dr. 
Ernest Sachs, of St. Louis, Mo., said that from his experience electro- 
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ually this procedure has been morlificd and extended, until for the treatment 
chiefly of cutaneous lesions and of ortficial maliRnancy, it has gained en- 
thusiastic advocates. 

Surgery is a conservative art. It takes to novel methods reluctantly as 
an old dog to new tricks. It was slow to adopt the ligature; slow to adopt 
the principles of antisepsis; slow to ad<^t the fastidious technic and pains- 


Fro. 59— Extensive keloid followinR burn. 



Fic 100 — Result obtained by nell-conddcred radium treatment, with 
nine of filtration and dosage This is (he treatment par ewllencc for keloid. ' 

surgical methods should not be employed in keloid, since such treatment wiU ma 
matters worse 
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the same result is a fact that depends entirely upon the individual’s surgical 
technic. It should be emphasized again, therefore, that electrosurgery cannot 
be said to have superseded the basic principles of osteoplastic cranial 
operations and tumor removal. 

It has been our experience that one is likely to hurry the procedures 
of electrocoagulating vessels or incising brain tissue. As has been pointed 
out, the use of a strong current to electrocoagulate a vessel may cause it to 
explode, and to defeat the object for which It is -intended. It is certain 
that the electrodes are of no service whatever in a bloody field, which does 
not allow one to see the bleeding or oozing point. 

It is of course understood that an electrosurgical apparatus should not 
be used during the administration of a general anesthetic. The possibility of 
an explosion is too factual to be dismissed; consequently, the operations in 
which the electrodes are used are performed under local anesthesia. The dis- 



Fic 107.— Port-wine ne%-us. 

*08 — Result of ultraviolet ray treatment bv the compression method This treat- 
I >s to be preferred to either radium or clectrodesiccation in this type of case. 


. of a general anesthesia, such as ether, in intracranial operations 

s Well known, so that the necessity of a local anesthetic in itself is of value, 
f must be realized that many individuals are not suitable patients 

or the use of local anesthesia. In such circumstances we have taken the 
of removing the ether bottle from the room, and have placed a 
. ^loth between the patient’s face and the operative field while the unit 
‘s m use. 

satisfied ourselves that there are no untoward or disturbing 
^ due to the use of this apparatus in intracranial surgery. As a 

in wV ^ immediate postoperative convalescence in all the cases 

had f smooth and uneventful. We have never 

rha" • a flap in (his group of cases because of secondary ftemor- 

fnllrt^’ ^0 we believe that any greater amount of postoperative edema 

Its use. In conclusion, we believe that: 
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2. By means of this method brain tumors can be dealt with that have 
been inoperable heretofore, and tumors that were operable can now be 
removed with greater safety. 

3. The technic of this procedure takes lime to learn, and as our ex- 
perience increases and its possibilities are realized, more and more can be 
accomplished with it in the future. ( 5 «r^. Gynce, Obst,, p. 505 (Feb.) 1931.] 



Fig. 105 — Extensive cavernous anmoma of check cxtendinR almost through into the 
mouth The major portion of the lesion was covered by healthy skin, but an elevated 
strawberry-colored surface angioma may be observed in the photograph. 

Fig 106 — Showing result of an electrocoagulation operation; the blood lake was co- 
agulated and later removed through the external angioma Note retrogression to normal 
with small uncontracted scar. Four Minilar operations were successfully performed before 
radium was emplo>cd for such cases. Radium is now preferred because of less hazard 


The following, relative to brain surgery, is kindly contributed by 
Dr. Loyal Davis, Professor of Surgery of the Northwestern University 
Medical School: 

^ There can be no doubt that the use of electrosurgery adds a complex 
piece of surgical equipment to a technic already dependent upon meticulous 
attention to detail for its success. The surgeon of course does not have to be 
acquainted with all the laws of electrical physics to employ such an ap- 
paratus successfully. However, a thorough acquaintance with its performance 
obtained upon experimental structures Is necessary before one should attempt 
i^ use during a complicated surgical procedure. Even with such a prepam- 
tion, the advantages and limitations of its use are indicated more clearly by 
practice That some surgeons may find it of more value than others to gam 
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not as greatly to be feared when the high-frequency knife is employed 
as after the cold scalpel. He further states that he has performed 
five laparotomies for the purpose of dividing extensive intra-abdominal 
adhesions by the electrosurgical knife, with no recurrence of the 
adhesions, as evidenced by the permanent disappearance of the char- 
acteristic discomfort caused by them. In a recent communication, 
Trowbridge stated that he had successfully performed nephrectomy 
and hysterectomy and had removed a renal calculus by means of 
the high-frequency knife. 



*12 —Cavernous ansiorna and necrosis of bone from eTces^ive radium treatment 
bunerto given by another physicun Patient almost lost life from hemorrhage 
Fic 113 — Result of one electrocoagulation operation 


Electrosurgery in the Genito-Urinary Field 

The same indications for electrosurgery exist in the genito-urinary 
as in the gynecologic field. This can be extended in the male to pros- 
tatectomy through a suprapubic opening by means of the high-fre- 
quency knife. Some surgeons have advocated employing a wire loop 
as the knife in the use of the high-frequency cutting current for sever- 
ing and removing the median bar of the prostate by way of the ureth- 
ral route through an operating cystoscope, as an improvement over the 
bottini operation. 

Excellent results have been reported by surgeons who are in a posi- 
lon to judge of the merits of electrosurgery in this field The suc- 
cessful removal of papillomas from the bladder by means of the high- 
raqu^cy current through an operating cystoscope, which was first 
germed by Beers, and verified by many others, is impressive to those 
have seen the operation performed The treatment of such lesions 
as been revolutionized by the advent of electrosurgical methods, 
nave successfully stopped hemorrhage and removed numerous papil- 
raas of the bladder by the high-frequency method. The first one in 
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r. Eleclrosurgcry is a distinct addition to the neurologic surgeon’s arma- 
mentarium. It does not, however, completely supersede the well-established 
principles of osteoplastic cranial cerebral surgery. 

2. At present it may be employed to its greatest e.xtcnt in the removal 
of meningiomas, in particular to the relatively inaccessible meningiomas. 

3. The improvement of the use of clectrosurgery in the treatment of 
gliomas offers the possibility for its greatest contribution to the surgery 
of the nervous system. . 



Fic. :o9— ETtcnsi\e cavernous aufioma. 

Fic. izo.— Showing Impro^’emeRt during radium treatment 

Ftc HI/— End-rcsutt of radium treatment, a method which is preferred to electro- 
surgical methods in this type of case 

Electrosorcery in Gynecology 

Electrosurgical methods have a very definite value in a mde range 
of conditions of interest to the gynecologist. Among the minor lesions 
in this field which can be successfully treated by the eleclrodesiccation 
method are venereal warts, leukokeratoses, leukoplakia, condylomas, 
moles (simple and pigmented), chancroids, angiomas, some localize 
cases ef pruritus (of nerve or eczematous origin), urethral caruncle, 
urethral prolapse, erosions and infected Bartholin’s and Skenes 
glands, lupus, fissures, fistulas of vagina and rectum, polypi, papi " 
lomas of the bladder (operating through a cystoscope or a suprapubic 
opening), papillomas of the vagina, cervix, and rectum, erosions 0 
the uterine cervix, endocervicitis, hemorrhoids, epitheliomas, chancre 
(Influencing the treatment and progress of syphilis), and carcinoma 
of the cervix in combination with radium. , 

The larger growths may be treated by the more powerful coa^ a 
tion method. The high-frequency knife has a wide field of usefulnes 
in pelvic surgery, such as hysterectomy, through an abdominal in- 
cision, and evidence is accumulating that the future for this 
is promising throughout the whole range of gynecologic surgery.^ i 
is also true of surgery of the upper abdomen and thorax. An in e 
esting observation has been made by Trowbridge, that adhesions a 
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Eye, Sinuses, Ear, etc. 

the lesion can be removed with the same ease and simplicity as though 
it were on the skin surface. The wound will heal readily if the patient 
is normal, and some notable results have been obtained. 

I have had under my observation a case of squamous-cell carcinoma 
which was treated by this method, and the patient has been free from 
recurrence for lo years. In extensive carcinoma of the larjmx, com- 



Fjc 114 — Shomng some instruments empIo>ed in electrodesiccation and 
electrocoagulation 

and .''hich can be used as the acU\-c electrode for electrocoagulation 

B lar^e pedunculated growths Fig 70 b an example. 

destnjc^°° ff Handle and metallic discs utilized as passn-c electrodes when localized 
arnM..j ii* desired. Fig 70 is also an example The active snare was emplo>ed 

D passive disc on top of the glioma. 

^Isctrode covered with rubber on one side and duck on the other. WTien 
durt«, • PHced on the back of the patient it serves as a satisfactory passive con- 
E F? 'l^Uocoagulalion work. 

a< copper, suitable for electrocoagulation treatment of such conditions 

w endocemciiis or endometntis. 

clectrocoa^bt^^ *>cedles emplojed as active electrodes for electrodesiccation and 

coam.i designed by Cooke, to hold needles for electrodesiccation and electro- 

‘■oaguiation operations 
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1910 was a bleeding papilloma almost the size of a hen’s egg. The 
patient, an aged man, lived for seven years free from recurrence. I 
have found from e.xpericnce, however, that unless the lesion is benign, 
it should be treated through a suprapubic incision and an opening into 
the bladder. In this case other methods may be employed in conjunc- 
tion with the electrosurgical method. 

Electrosurgery in Eve, Sinuses, Ear, Nose, Throat, and Larynx 

Electrodesiccation may be employed in the following eye lesions 
without causing a contracted scar: neoplasms of the eyelids, canthi, 
bulbar and palpebral conjunctiva, such as epitheliomas, sarcomas, 
warts, moles, nevi, dry granular conjunctivitis, trachoma, leukoma, 
refractory corneal ulcers, lupus, permanent removal of celia from eye* 
lids when indicated, xanthoma, chronic local infections, etc. When 
complete exenteration of the orbit and adjacent sinuses is indicated, 
or when adjacent bony structures are involved with disease, electro- 
coagulation, in many instances, may be relied upon to accomplish 
superior results, provided the technic is thoroughly understood. Great 
care must, however, be taken to avoid injury to orbital bones, else 
the dura will be exposed and meningitis will result. 

The same types of lesions noted in the preceding paragraph, oc- 
curring on or in the car canal, may be successfully treated by electro- 
desiccation or electrocoagulation, the choice of method depending upon 
the extent 0! the disease. It might be noted as a matter of interest, 
and to illustrate the delicate action of the current, that small granula- 
tions of the tympanum may be removed by electrodesiccation without 
injuring that delicate structure, so great is the refinement of its 
control. 

Lesions on the nose of the same type mentioned above may also be 
successfully treated by electrosur^cal methods. 

Electrodesiccation has been found useful in the removal of hyper- 
trophied turbinates, polypi, papillomas, epitheliomas, etc., of the nasal 
mucous membranes, wthout causing the hemorrhage incident to the 
use of the cold scalpel. 

There are numerous indications for electrosurgery in its different 
forms in the throat, such as tonsillectomy, removal of papillomas, 
lupus, leukoplakia, and certain malignant lesions. The electrodesicca- 
tion method is satisfactory for the removal of accessible papillomas of 
the vocal cords This operation can be performed by either indirect 
or direct vision, through a laryngoscope. 

Cancer of the larynx, however, should not be treated through the 
mouth, owing to impossibility of doing complete work, and also owng 
to the hazard of injuring normal structures. It is preferred that a 
preliminary tracheotomy be performed, and after that a laryngotomy, 
by a longitudinal incision. In this manner the lesion can be properly 
exposed palpated to determine its location and character. Then 




j — Section from the same growth at Re. 115, showinc the result of electro- 

^^*tment The cellular masses are definitely shrunken and the nuclei con- 
aeased and elongated. 
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plete laryngectomy is sometimes indicated, and in this work the elec- 
Uosurgical km(e may be found to have a fieW ol usefulness. 

Tonsillectomy by Electrosurcical Methods 

May I state at the outset, that it is the opinion of conservative 
laryngologists that electrosurgical methods will not entirely replace 
the operation in use for many years, owing to satisfactory results 
obtained with the latter in the average case. This is probably true, 
but it is also quite well known that in certain instances there is a 
distinct contraindication to the open operation. If, therefore, electro- 
surgical methods can be used in such cases with the hazard minimized, 
then there is a valid reason for including them among the methods 
to be considered by laryngologists when unusual conditions exist. 

Experience with electrosurgical methods in tonsil work has been 
multiplying, and while discounting the ultra-laudatory opinions oi 
the Qverenthusiasts, it now appears safe to say that some electro- 
surreal methods may be relied upon as worthy substitutes lor the 
open operation, in cases where there is a distinct contraindication to 
its use, especially in the case of adults. This is true, provided a proper 
and standardized technic is employed. Three electrosur^cal methods 
have been advocated for tonsillectomy, namely: the high-frequency 
snare, electrocoagulation (diathermy), and electrodesiccation, which 
in turn will be briefly discussed. 

High-Frequency Snare. — A few laryngologists have suggested the 
use of the high-frequency snare for tonsillectomy. The same current 
used for cutting (bipolar) is passed through a metallic snare, and 
the tonsil is removed fay the same technic as in the cold snare opera- 
tion, except that the current is used Avhile the snare separates the 
tonsil from its bed. Its advocates claim that the possibility of hemor- 
rhage is less, and that it has the further advantage of sletiUzmg the 
operative field. While it undoubtedly has these advantages, it has not 
been adopted for general use because of the greater care necessary 
for the proper control of the current, lest other structures in the throat 
be damaged. In common with any kno^vn method, the danger o 
hemorrhage is, however, not entirely avoided, regardless of primary 
capillary sealing. It would not be entirely safe to depend upon i 
permanently to seal the normal or anomalous larger vessels that i^y 
be encountered. It is doubtful what the future appraisement of this 
method will be, but at the present time, at least, it is not as popular 
as the electrocoagulation (diathermy) or the electrodesiccatiorv meth- 
ods (unipolar) for tonsillectomy. 

Electrocoagulation (Diathermy). — ^The electrocoagulation 
produced by the bipolar d’Arsonval current of high amperage and lo\ 
voltage has been widely employed during recent years for the 
of tonsils, with a fair measure of success. Published opinions dm > 
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Method No. 2 is perhaps more generally in use than the others and 
\% quite satisfactory if correct technical rules are observed. 

Method No. 3 bids fair to be popular also, and those who employ 
it believe it satisfactory. 



Fio It?— Section of basaUcell epithelioma of the cheek treated by electrodcsiccation 
The devitalized cells appear as long slender threads— ''mummification necrosis" 



lensiiT *** — Squamous-Cell epithelioma treated by elecfrocoaimlation, showing an tt- 
ceiu resembling hyalmuation and several thrombosed blood vessels Tbc tumor 

to have fused Into a stmctureless mass 
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Paradoxical as it may seem, the different estimates of its value may 
all be correct, each depending upon the point of view. This is ex- 
plained by the fact that high-frequency currents arc characterized by, 
and subject to, great flexibility, both as regards the mode of produc- 
tion and also in the effect produced by them in the tissues. A wide 
range of effects can therefore be obtained from their use, depending 
to a great extent upon the construction of the apparatus which gen- 
erates the current in such details as the capacity of the condensers; 
the number of windings and the thickness of the wire in the primary 
and secondary coils and in the solenoid to produce the proper induc- 
tance; the character of the spark gap to insure the correct resistance; 
and lastly, the technic of application. 

For example, ten operators, conceivably of equal ability and experi- 
ence, might in all sincerity and accuracy report their findings, but 
with no two of them exactly agreeing. This is explained by the fact 
that none of them employed the same electrical factors nor the same 
technic in their work. Thus the \dews of diverse nature are explained. 

In the. course of development of any important invention, a con- 
dition of uncertainty is to be expected for a time, until all factors are 
standardized toward the end that maximum efficiency \vill be attained 
by all employing them. 

There are four methods in use for employing electrocoagulation 
(diathermy) in tonsillectomy: 

1. Destroying the tonsil as completely as possible at one operation, 
employing an active needle electrode, and a passive metallic electrode 
on the back of the patient. 

2. The removal of the tonsil in small portions in a series of treat- 
ments, employing an electrically activated straight or hooked needle as 
the active electrode. Multiple punctures in the tonsils are thus rnade 
and the indifferent electrode is placed upon the back of the patient. 

3. The use of a metallic ring electrode which encircles the tonsil, 
and when pressed inward exposes the tonsil to view, and also acts 
as the indifferent electrode. The active electrodes are straight or 
hooked needles, insulated except at the point, and the tonsils are 
removed little by little in a series of treatments, also by means of 
multiple punctures. 

4. The removal by means of two insulated hooked electrodes 
clamped together like a tonsil forceps, and used at the same time, each 
carrying the current from opposite sides of the high-frequency ma- 
chine. By this method the tonsils may possibly be removed by one 
operation, or better, by a series of operations. 

Method No. i has been discarded by most operators because the 
inflammatory reaction is too great, and the danger of destroying 
adjacent structures in the throat and of secondary hemorrhage is to 
be seriously considered as a possible hazard. It is therefore not recom- 
mended for general use. 
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A whole gamut of effects may be produced in tissues by the various 
manifestations of electrical currents, some of which are desirable for 
the treatment of certain lesions, though contraindicated for others. 

I prefer to speak in definite terms of effects when possible, rather 
than of general methods. For example, the term “drugs” will help little 
in prescribing for a definite ailment, whereas, “digitalis” can instantly 
be recognized as the particular “drug” to be administered in certain 
heart lesions. The use of such terms as electrosurgery, diathermy, 
endothermy, etc., though proper in their place as general terms, is 
therefore analogous to the use of the term “drugs,” which is indefinite 
in description of the particular drug actually employed, whereas elec- 
trodesiccation, selected from a wide range of thermic electrical effects, 
is a known entity like “digitalis,” and can be standardized for definite 
uses, one of which is for the successful removal of tonsils, as well as 
certain other lesions before mentioned. Electrocoagulation can like- 
wise be distinguished from electrodesiccation, with its definite indi- 
cations; and again the effect of the high-frequency knife upon tissue 
is dissimilar to either, though in turn of value, when it would be 
improper to use the other electrosurgical methods. 

It can therefore be seen that general terms are not conducive to 
a close understanding among scientific observers, while standardization 
of methods in terms of effects and special technic will permit of 
duplication of results by different surgeons. Out of the range of effects 
of applied electricity for surgical uses, electrodesiccation, electroco- 
agulation, and the high-frequency knife have up to this time been 
found by experimental studies and clinical use to be more practical 
and useful than others thus far recognized. 

The harnessing of Nature’s mysterious force by patient workers in 
the surgical field for the alleviation of human suffering is an achieve- 
ment comparable wdth the greatest in surgical annals. This sentiment 
has been voiced by some of the most critical minded of our profession. 
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Method No. 4 seems a rational procedure, but its real value has 
yet to be demonstrated since so few laryngologists have thus far em- 
ployed it. 

Inquiry regarding removal of tonsils by the series treatment method 
among experienced laryngologists reveals that complete work is seldom 
accomplished in less than six treatments to each tonsil, in periods 
varying from seven days to two weeks between treatments. Some 
operators employ as many as 20 to 25 treatments. Seldom is complete 
removal accomplished in any case in less than three months, and it 
sometimes requires six months or more. It would seem that such pro- 
longation of inflammation would be objectionable, but I am told by 
those who employ it that patients do not object to it. 

All four methods have been fully described in current medical lit- 
erature which is readily available, hence no attempt will be made to 
enter further into discussion of them in this chapter. 

In fairness to all may I state that these methods no doubt are suc- 
cessfully employed by capable men who have studied and applied 
them, but, in common with any method designed for a definite pur- 
pose, some disadvantages are almost sure to exist. 

Electrodesiccation. — From my experience with the use of all types 
of high-frequency currents for general surgical purposes for nearly 
25 years, I prefer the unipolar current of low amperage and high 
voltage for the removal of tonsils. May I therefore not be accused of 
bias if I differ somewhat from those who prefer any form of the 
bipolar, high amperage, and low voltage current (diathermy). 

My growng impression is that electrodesiccation possesses fewer 
disadvantages, and that it is more suitable for delicate throat work, 
than electrocoagulation (diathermy), inasmuch as there is better con- 
trol with electrodesiccation; the inflammatory reaction is slighter*, 
there is, I think, less resulting fibrotic change; the hazard of secondary 
hemorrhage is less to be feared; the natural contour of the tonsillar 
fossa is better maintained; the work is completed in fewer treatments; 
and the results are all that can be expected of any method. 

Analysis of adverse reports concerning electrodesiccation in tonsil- 
lectomy reveals misunderstanding of the method and the employment 
of an improper technic. 

Electrosurgical methods for tonsillectomy should be practiced by 
laryngologists when indicated in complicated cases, but to insure the 
best results, careful study and mastery of technic are necessary, else 
they \Yin be disappointed with results. 

Conclusion 

The term dectrosurgcry is a broad one, expressing so many ways 
and means of applying various forms of electrical energy for the 
removal of abnormal tissue as often to cause confusion in the minds 
of those seeking reliable information. 
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A whole gamut of effects may be produced in tissues by the various 
manifestations of electrical currents, some of w’hich are desirable for 
the treatment of certain lesions, though contraindicated for others. 

I prefer to speak in definite terms of effects when possible, rather 
than of general methods. For example, the term “drugs” will help little 
in prescribing for a definite ailment, whereas, “digitalis” can instantly 
be recognized as the particular “drug” to be administered in certain 
heart lesions. The use of such terms as electrosurgery, diathermy, 
endothermy, etc., though proper in their place as general terms, is 
therefore analogous to the use of the term “drugs,” which is indefinite 
in description of the particular drug actually employed, w’hereas elec- 
trodesiccation, selected from a wide range of thermic electrical effects, 
is a known entity like “digitalis,” and can be standardized for definite 
uses, one of which is for the successful removal of tonsils, as well as 
certain other lesions before mentioned. Electrocoagulation can like- 
wise be distinguished from electrodesiccation, with its definite indi- 
cations; and again the effect of the high-frequency knife upon tissue 
is dissimilar to either, though in turn of value, when it w’ould be 
improper to use the other electrosurglcal methods. 

It can therefore be seen that general terms are not conducive to 
a close understanding among scientific observers, while standardization 
of rnethods in terms of effects and special technic will permit of 
duplication of results by different surgeons. Out of the range of effects 
of applied electricity for surgical uses, electrodesiccation, electroco- 
agulation, and the high-frequency knife have up to this time been 
found by experimental studies and clinical use to be more practical 
and useful than others thus far recognized. 

The harnessing of Nature’s mysterious force by patient workers in 
the surgical field for the alleviation of human suffering is an achieve- 
ment comparable with the greatest in surgical annals. This sentiment 
has been voiced by some of the most critical minded of our profession. 
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Method No. 4 seems a rational procedure, but its real value has 
yet to be demonstrated since so few iaryngologists have thus far em- 
ployed it. 

Inquiry regarding removal of tonsils by the series treatment method 
among experienced laryngologists reveals that complete work is seldom 
accomplished in less than six treatments to each tonsil, in periods 
varying from seven days to two weeks between treatments. Some 
operators employ as many as 20 to 25 treatments. Seldom is complete 
removal accomplished in any case in less than three months, and it 
sometimes requires six months or more. It would seem that such pro- 
longation of inflammation would be objectionable, but I am told by 
those who employ it that patients do not object to it. 

AH four methods have been fully described in current medical lit- 
erature which is readily available, hence no attempt 'will be made to 
enter further into discussion of them in this chapter. 

In fairness to all may I state that these methi^s no doubt are suc- 
cessfully employed by capable men who have studied and applied 
them, but, in common with any method designed for a definite pur- 
pose, some disadvantages ate almost sure to exist. 

Electrodesiccation, — From my experience with the use of all types 
of high-frequency currents for general surgical purposes for nearly 
25 years, I prefer the unipolar current of low amperage and high 
voltage for the removal of tonsils. May I therefore not be accused of 
bias if I differ somewhat from those who prefer any form of the 
bipolar, high amperage, and low voltage current (diathermy). 

My growing impression is that electrodesiccation possesses fewer 
disadvantages, and that it is more suitable for delicate throat work, 
than electrocoagulation (diathermy), inasmuch as there is better con- 
trol with electrodesiccation; the inflammatory reaction is slighter; 
there is, I think, less resulting fibrolic change; the hazard of secondary 
hemorrhage is less to be feared; the natural contour of the tonsillar 
fossa is better maintained; the work is completed in fewer treatments; 
and the results are all that can be expected of any method. 

Analysis of adverse reports concerning electrodesiccation in tonsil- 
lectomy reveals misunderstanding of the method and the employment 
of an improper technic. 

Electrosurgical methods for tonsillectomy should be practiced by 
laryngologists when indicated in complicate cases, but to insure the 
best results, careful study and mastery of technic are necessary, else 
they ■will be disappointed with results. 

Conclusion 

The term electrosurgery is a broad one, expressing so many ■ways 
and means of applying various fonns of electrical energy for the 
removal of abnormal tissue as often to cause confusion in the minds 
of those seeking reliable information. 
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ELECTROSURGERY AND OTHER PHYSICAL THERAPY 
MEASURES IN UROLOGY 

F. G. Harrison, M.D. 

Papilloma of the Penis 

Verrucae acuminatae, known commonly as venereal warts, although 
by no means always associated with any venereal disease, are caused 
by irritation from some source, usually from the prepuce. They are 
an overgrowth of the papillary layer of the skin or mucous membrane. 

They are mostly papillary in type and composed of epithelium 
which is readily transplantable to produce neighboring buds. They 
may resemble epitheliomas or condylomas, from which they must be 
differentiated. 

Correction of the irritation, whether from uncleanliness or dis- 
charges, often causes disappearance. Balanitis and phimosis must be 
corrected to prevent recurrence, and this may necessitate circumcision. 

While the ordinary treatment is the application of nitric or tri- 
chloracetic acid, if not applied carefully and the excess mopped, the 
surrounding mucous membrane is likely to be destroyed. 

The most satisfactory results are obtained by applying lo to 20 
per cent cocaine solution directly (o the growth. After allowing a few 
minutes to elapse for the anesthetic to take effect, a fine needle elec- 
tric is introduced at the base of the growth and it is destroyed, using 
the monopolar high frequency and a low current. 

_ A dusting powder and a dry dressing may be applied, the warts 
either dropping off with treatment or in a few days. 

Chancroid 

genital ulcer is regarded as a chancre until proved otherwise. 
Unde the incubation period and the clinical characteristics may be 
^^1^^ point to a chancroid, it is the golden rule that no treatment 
should be started until an absolute diagnosis is made. The dark field 
examination for Treponema pallidum is positive in well over 90 per 
cent of untreated cases on the first examination. For those sores which 
nave received local treatment, especially preparations of mercury, it 
•s essential that all this be removed and the suspected ulcer cleansed 
and bathed in normal salt solution by repeated applications. The 
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and wth progression may break down and discharge pus from sec- 
ondary infection or become a lesion like the initial focus. 

As epithelioma is uncommon before the fortieth year, the diagnosis 
is made by exclusion. Biopsy is not Teaimmended, unless just prior 
to operative procedure, as it has a tendency to promote metastasis. 

Similar to cancer elsewhere in the body, the prognosis depends 
largely upon an early diagnosis with prompt and efficient treatment. 
The later in life the condition develops, the slow’er it seems to grow. 
Prognosis is good if seen early, and while it has been stated that 
should inguinal lymph node involvement occur, cure is doubtful, yet 
many are reported. 

Roentgen rays, surgery, diathermy and radium are the agents em- 
ployed in the attack, either alone or combined; but it depends upon 
the site and duration to some extent. Surgeons have stated that the 
epithelioma involving the glans or distal third of the penis may be 
treated by partial amputation, but that which extends to the middle 
or proximal third demands extirpation. 

Preoperative roentgen-ray therapy of not more than one treatment 
is always advised. A preliminary block dissection of the inguinal glands 
is carried out prior to the radical surgery on the penis. These glands 
may be destroyed by diathermy, by placing the flat disk active elec- 
trode over the glands after exposure by the skin incision and slowly 
heating until the gloved finger cannot be borne on the tissues and with 
repetition. Due care must be given to the femoral vessels which He 
beneath. 

The partial amputation is carried out with due respect for the skin 
flaps, and placing and suturing of the cut urethra to prevent con- 
tracture and stricture formation of the new meatus. 

Complete extirpation is performed in the same manner, with the 
new urinary meatus brought out to prevent stricture formation. 

Intensive postoperative roentgen-ray therapy is routinely advised. 
Complete emasculation is rarely employed, and in recent years there 


seems to be a tendency, whether %varranted or not, to avoid the knife 
because of discouraging resultant metastasis, and to employ measures 
that produce no mutilation with tendency to regional metastasis. 

Diathermy has been used in the treatment of epithelioma, employ- 
mg the bipolar current %rith the inactive electrode beneath the sacrum 
and a flat disk active electrode. General anesthesia is not necessary. 
The cancerous tissue is destroyed by the slow process of thermo- 
electrocoagulation, avoiding all sparking, and the coagulation is 
carried e»MV weU beyond Ibe diseased area \d ibe normal beallby 
tissue to insure complete destruction of the growth. 

The same procedure as detailed above is carried out ^vith regard 
to the inguinal glands. Preoperative and postoperative roentgen-ray 
therapy is advised. 

Pfahler and Widman report a series of cases which were treated by 
radiotherapy and electrocoagulation. Certain cases respond better when 
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physician who neglects this dark field examination or, if not possess- 
ing the facilities to carry out this procedure, fails to direct the patient 
to where it can be done is guilty of moral malpractice, at least. 

If dark field examinations be negative for three or four successive 
days, and if the Wassermann reaction be negative, local treatment 
may be applied. It is wise to continue weekly serologic examinations 
until the sixth week or the secondary period has been passed. 

Many chancroids can be cured by correcting the hygienic habits of 
the patient, as uncleanliness is usually the forerunner, l^ere are many 
remedies offered for cure, such as application of caustics and acids, 
but the writer has found that crystals of argyrol are very efficient and 
where this is unsuccessful or by reason of the phagedenic spread, the 
method recommended by Robbins and Seabury is applied. 

The chancroid is cleansed and a lo to 20 per cent solution of 
cocaine is applied directly with a swab, which is held in place several 
minutes. A liberal application of 25 per cent cupric sulphate is made to 
the excavated area, and with the monopolar current of the diathermy 
apparatus and the vacuum electrode, the ulcer is completely ful- 
gurated, care being given to carry the destruction wcU under the 
undermined edges and beyond. 

Corbus has pointed out that using a fine needle as an electrode and 
desiccating the sore, rather than sparking U, is superior, as it does 
not carbonize the tissues and at the same time permits greater heat 
penetration. The grayish-green area is now covered with a dusting 
powder, and, if there should be any spread, the procedure may be 
repeated. Usually in a few days the phagedenic ulcer has been changed 
to normal, healthy granulation tissue. 

T’ • • ‘ ‘ adenitis may be treated with 

■ . ■ • • occurs. The smaller electrode is 

piaceu ovei uie umanieu giaim and the larger one beneath 
locks and treatment given for 40 minutes, repeated daily* hhoulo 
suppuration occur, incision and enucleation of the gland are indicated. 

Epithelioma 

The etiology of cancer of the penis is unknown, but it has_ been 
recognized that a long and adherent foreskinj with resultant irrita- 
tion from smegma and a chronic balanoposthilis, predisposes. Epithe- 
lioma among the circumcised is rare. . 

This condition arises on the glans or prepuce, frequently on the 
of an old scar formation. Keyes reports it may start as an indurated 
nodule under the skin or as a patch of leukoplakia. Beginning as a 
wart on the skin, or an ulcer, it becomes deeply ulcerated with granu- 
lating or cauliflow’er-Hke growths with a foul seropurulent discharge. 
It may spread and involve the entire penis and adjacent struct^es. 
It is slow growing and pain is usually not an early symptom, ih 
regional lymph nodes are reported as becoming involved rather la , 
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ducing fever or who develop influenza or acute febrile conditions. 
Santos in his experiments reported that 43 *’ C. (109.4® F.) for 76 
minutes, 44° C. (111.1® F.) (or 54 minutes and 45° C. (113® F.) 
for 37 minutes were necessary to kill gonococci. It has been shown by 
others recently that in vitro the gonococcus will survive 30 minutes 
at 45® C. (113'’ F.). The point is whether experimental studies of 
the gonococcus gro^vn in vitro help us determine their relative re- 
sistance in the tissues. It may be analogous that, despite recent 
research to discover a chemical gonococcicide, the urologist frequently 
returns to the old established irrigant — potassium permanganate — not- 
mthstanding the fact that its germicidal properties are much less than 
many others. It would seem, therefore, that if by applying diathermy 
we create an unfavorable condition for the viability of the gonococcus, 
without disturbing the mucosa, we are accomplishing enough to war- 
rant its trial, 

Nagelschmidt, with reference to the male urethra, states, “Theo- 
retically, it would be easy to apply heat deeply 'vith diathermy, but 
practically it is quite different. In order to obtain an even, deep beat, 
one must apply diathermy with low amperage during a long time. It 
is technically very difficult to diathermatize the whole urethra far 
into the bladder without heating up some places too high. In the pars 
pendula no difficulties appear. As soon as we reach the root of the 
penis, it is impossible without special technic to heat through the 
urethra in all directions with an even temperature.” Corbus and 
O’Conor in their book state, “It is a firm belief that ultimately the 
technical difficulties which so far have prevented the absolute per- 
fection of this method will be solved.” 

The use of medical diathermy in the treatment of acute gonorrhea 
has been upheld by many authors — Roucayrol, Seres, Walker, Watson, 
Canovas, Cumberbatch and Robinson, Corbus and O’Conor, Gomez 
and Gastano, H. Schmidt, Nagelschmidt, Shohan, MacArfhur, Redewill 
and others — but has been discounted by recent textbooks of urology, 
notably those of Keyes, Pelouze and Eberhart in this country and 
MacDonagh of England. 

It is not within the scope of this chapter to discuss the physical 
principles which govern the development and application of the type 
current suitable for diathermy. It is sufficient to state that should 
this method be employed, it is essential to get a good machine which 
^ill deliver all that is expected of it with a margin to spare. It should 
ne capable of deUveciag 1000 to 3000 ma. in a steady volume with- 
put appreciable variation over a period of one hour. Small machines 
incapable of doing this do not produce results. Whether a portable 
^ achine is desirable is a personal decision. We like a portable machine 
ecause it can be moved from one room to another or even to the 
[l , MacArthur in a personal communication informs me 

V ^ has a large machine with connections such that two patients 
u be treated at the same time. Of the greatest importance are the 
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radium is applied together with roentgen-ray therapy. Amputation was 
carried out by electrocoagulation at approximately the junction of 
proximal and middle third, without regard for the urethra. There is 
no record of stricture formation and in a personal communication I 
am told there was none. WTiile the method of amputation with elec- 
trocautery produces a bloodless field, most surgeons w’ould regard 
the abandoning of the new urinary meatus to its fate as hazardous. 

GONORRHEAt UrETHRITIS 

Electrotherapy with the production of heat in the tissues in the 
treatment of gonorrhea is by no means new, yet the evaluation of this 
method has not been firmly established. This may be due to the mis- 
leading and colorful statements of enthusiasts or to the doleful nega- 
tive confirmation of the doubters. There is no specific cure for 
gonorrhea, and, as diathermy is the production of electrical heat, it is 
useless to expect results other than those derived from heat actively 
generated in the tissues. It is a biologic finding that under all condi- 
tions heat up to the optimum point increases the activity of tissue 
cells, and down to a minimum point decreases the activity of the tissue 
cells, which leads to the conclusion that the production of heat in 
the body tissues increases cell activity, and thus the inflammatory 
reactions to an irritant are greatly accelerated. 

Medical diathermy has been regarded as having marked analgesic 
properties. It increases cell activity and hyperemia, with its resulting 
slowing of the blood stream due to the dilatation of the blood-vessel 
walls. It increases diapedesis both in rate and amount, and accelerates 
phagocytosis. It produces a deleterious effect directly upon the invad- 
ing irritant and decreases the amount of scar-tissue formation, as the 
first changes in inflammation are accelerated and also reabsorption 
takes place faster. 

The contraindications to diathermy are few but must be understood. 
It cannot be substituted for surgical drainage in a collection of pus 
as diathermy may aggravate the condition, and septicemia results. 
It should never be used where there has been any hemorrhage or 
where there is possibility of any. 

The gonococcus has long presented cultural difficulties making it 
next to impossible to obtain growths except under the most favorable 
conditions, as the pus obtained at epididymotomy. Recently with the 
introduction of the calf-brain media and attention to hydrogen-ion con- 
centration, it is reported the organisms may be cultured from the 
urethral pus. It would seem that conditions have to be most favorable 
for its growth, and, as the gonococcus is not very hardy, the least un- 
favorable circumstances wll have a tendency to destroy it. It has been 
a well-established fact that excess heat has a deleterious effect upon 
the gonococcus. The clinical course of acute gonorrhea has been 
markedly lessened in those individuals who have complications pro- 
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and thus surgical diathermy or fulguration is apt to occur isith a 
resulting traumatic fistula. 

Following the suggestion of MacArthur^ the WTiter applies dia- 
thermy to the anterior urethra, using two strips of block tin )/: inch 
wide, cut to a length which ivill run the entire urethra, anointed with 
K-Y lubricating jelly and strapped with adhesive. Attention is given 
to directing that the electrode on the floor of the penis be slightly 
smaller, as the urethra is closer to the floor. Intimate contact of all 
electrodes is most essential, and it is best to have all cords completely 
insulated to the very point of attachment. A small rubber cuff can be 
slipped over this point after the connection has been made. It is 



Tic I — Stnp tin electrodes cut (o lenjth along the anterior uiethn, held in place by 
aclfiesi\e. Rubber cuffs may be pulled o%er connection points to pre\-cnt shock. (After 
MacArthur ) 


desirable to increase the current slowly, taking at least five minutes 
before maximum intensity is produced, and reverse the procedure for 
cutting off the current. As there is no thermometer to act as an 
Indicator, the milliamperemeter must be watched, with the current 
Varying between 300 and 800 ma. The length of the treatment should 
De at least i hour and should be repeated daily or, better, twice daily 
Until the gonococci are eradicated. The temperature of the urethra 
can be raised to 109 to 112° F. (42.78 to 44-44'^ C.) for the duration 
pi the treatment, a temperature at which it is alleged the gonococcus 
destroyed. This treatment can be continued for some time (Fig, i). 
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electrodes, which will be discussed under each condition because it is 
here the personal element enters. 

Provision has to be made so that the patient can lie for an hour or 
more without being disturbed and, If not under personal supervision 
the entire time, at least watched by someone competent to judge if the 
patient is getting what is desired. Better results are obtained by 
arousing the interest and cooperation of the patient, by explaining 
carefully to him exactly what you wish to accomplish and assuring 
him that there will be no shocks or painful effects. After the first 
application with no untoward effects, the patient’s morale is raised, 
particularly with clinical improvement, and afterward the cord con- 
necting with the swteh is given him so he can break the circuit if the 
heat becomes too intense. 

It would seem that diathermy will never become popular, at best, 
mainly from economic reasons. The physician needs special, expensive 
apparatus, a separate room for an hour or more, and the procedure 
must have skilful supervision. Of necessity a larger fee must be 
charged to the patient, who in these times of economic stress is more 
than likely unable to pay it. Thus it will be shelved except for the 
wealthy, or in those distinct cases where diathermy is so superior to 
other forms of treatment that self-preservation of professional rank 
will impel its use. 

To the patient presenting himself with acute gonorrheal urethritis 
in the early stage, i.e., the first or second day, wth the infection 
limited to the anterior urethra, anterior to penoscrotal juncture, 
diathermy may aid in effecting a speedy cure. By the two-glass test, 
the first may be cloudy and contain a few shreds, but the second 
should be clear. Theoretically this is the lime, if diathermy is able 
to sterilize the urethra by killing the gonococci, the best results should 
be obtained, comparable to a successful so-called abortive treatment, 
which is seldom employed. The great difficulty has been to get a 
suitable set of electrodes which wll give even heat to the urethra. 
Various types of intra-urethral electrodes have been devised, notably 
the one by Corbus, which is unsuccessful because; 

1. A basic urologic maxim states that no instrument should be 
passed in the inflamed urethra in the presence of gonococci. 

2. Patient is usually not able to tolerate instrument in the inflamed 
urethra for sufficient period of time to get desired result. Corbus 
states however, “Contrary to the general impression of this form of 
treatment, it is painless during the period of application. After the 
withdrawal of the thermophore there is a copious discharge of serum 
and mucus which lasts until the next urination.” The witer docs not 
favor this treatment. 

3- As the urethra is not of uniform caliber, an electrode does not 
fit snugly against the mucosa, so that sparking will occur. 

4* Heat is liable to be concentrated on the tip of the instrument. 
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has not been so favorable, whether because of faulty technic or be- 
cause we failed to get proper cooperation from our patients. In most 
cases the discharge appeared a little more profuse after the first treat- 
ment and then gradually cleared. The acute symptoms were alleviated. 
Gonococci did not seem to disappear any more quickly than with 
other methods. Clinic patients are difiicult to hold to treatment, par- 
ticularly when the symptoms with which they present themselves have 
abated. It has been observed that, as our technic improved, better 
results were obtained, and we are inclined to blame ourselves rather 
than the method for our earlier failures. We do not advocate this as a 
routine treatment for acute urethritis. 



, 3— Localized inflammation in perineum — Cooper’s gland Small block tin 

ctrode o\er affected area and held in place by adhesiv'c after shaving. Large electrode 
(6 by 8 in ) beneath buttocks. 


^\ith posterior involvement of the urethra, which occurs in the 
majority of cases treated by any means, complications may occur, and 
It IS here that diathermy occupies first rank in the treatment. Prophy- 
^ctic treatments to the posterior urethra and prostate have been 
advised at this time, where there has been a period of inactivity with 
older methods. 

Periurethritis may occur anywhere along the urethra, but the com- 
onest sites are immediately posterior to the glans penis and in the 
perineum. The latter may be due to extension from the glands of 
lure or from inflammation in Cowper’s glands. 
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This treatment does allay all the acute symptoms and checks the 
discharge considerably, even if the infection has invaded the bulbous 
portion of the urethra, and can be used in conjunction with the 
various accepted modes of treatment, as internal medication, hand 
injections or irrigations, copious draughts of water, free catharsis, 
restriction of exercise and diet, and a taboo to sexual excitement and 
alcohol. 

In the acute fulminating types where the penis is edematous, the 
tips of the meatus and the prepuce are swollen and the patient com- 
plains of intense dysuria, palliative treatment alone can be instituted, 
as injections or irrigations are not indicated or tolerated, and dia* 



Fio a — Molded bloclw tin electrodes held In place by adhesive straps ui penure • 
Larger electrode on lop— smaller on bottom Rubber cuffs may be pulled over connecti 
to av’oid shock. 


thermy occupies a stellar role and acts as an excellent palliative 
measure, as often one treatment will entirely relieve the acute symp- 
toms, and injections can be resumed shortly. , 

Redewill ct al. in a recent article maintain that with properly appiiea 
electrodes external to the penis, the urethra having been previously 
filled with 0.5 to i per cent mercurochrome, uniformly excellent 
results can be obtained with the use of diathermy. 

MacArthur reports a series of 15 cases of acute gonorrheal urethri- 
tis in which, aher the fifth diathermy treatment, the gonococcus 
could not be found in 14. In two cases a recurrence was noted. 

Our experiei’^f with diathermy in the treatment of acute gonorrhe 
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A patient with acute prostatitis is a hospital case, because the effec- 
tiveness of the treatment directed to the prostate in the first few hours 
mil determine the future management. It is here that a portable 
diathermy machine is indicated, for it can be brought to the patient’s 
bed. The patient is placed on his belly, with the larger so-called in- 
active electrode of block tin, approximately 6 by 8 inches, anointed 
with soap lather or K-Y lubricating jelly, beneath the lower abdomen. 
The buttocks are spread, with one hand, and the prostatic electrode, 
copiously anointed with lubricant, is introduced easily and carefully 
into the rectum, directing the concave metal portion to come in actual 
contact with the diseased portion of the prostate, as having been 
previously determined by rectal palpation. This may be turned to 
various areas during the treatment if necessary. Too much emphasis 
cannot be placed upon how skilfully and painlessly the introduction 
of this electrode should be carried out. The patient is particularly 
apprehensive at the beginning of the first treatment, the prostate may 
be exceedingly tender and there may be some tenesmus with attempt 
to force the electrode out, but the effectiveness of the treatment de- 
pends upon how accurately the electrode is placed, so the electrical 
heat may be generated at the point desired. Upon not being shocked 
nor hurt, but, on the contrary, experiencing the soothing effects, the 
patient’s morale is raised, and the second treatment will go more easily 
with better cooperation. The thermometer is introduced through the 
shaft of the electrode, which may be held in place with small sand- 
bags above and below it, which also help to steady it. 

The current is increased gradually, taking at least five minutes to 
arrive at a maximum temperature of no® F., or 43.33® C. Above this 
temperature the patient complains of tenesmus and sacral pain, al- 
though the maximum temperature reached has been 112® F. (44.44° 
C.), The temperature registered in the thermometer is degrees 
less than that generated in the tissues. Even when the patient is 
tolerant of a high temperature, it is difficult to obtain, as the blood 
seems to carry the heat away faster after a temperature of 109 to 
110° F. is reached. The milliamperemeter may vary from 1000 to 
i8oo. Many patients may not be able to tolerate this temperature at 
first, but most will be able to bear it if it is gradually attained. In 
some, however, the tolerance will not be that high, and in these the 
patients’ statements must be given as much weight as the thermometer 
in the prostatic electrode. 

The treatment should extend over a period of 40 minutes to i hour 
or longer, daily, or even t\vice a day until the acute symptoms dis- 
appear. 

Catheterization may have to be carried out for retention of urine 
and should be done under the strictest aseptic conditions, using a 
catheter which will cause the least amount of trauma, even a W’oven 
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• While this may present itself as marked periurethral infiltration, a 
large percentage undergo suppuration with -the formation of an abscess 
wth persistent urethral fistula, or a persistence of the gonococcus in 
the follicles causes recurrence of the acute urethritis. Diathermy is 
very useful in checking the inflammation and preventing abscess 
formation, and if a persistent urethral fistula be present wth demon- 
strable organisms, in eradicating the gonococci and aiding in a speedy 
closure of the fistula with abatement of the urethritis. Should an 
abscess form, diathermy is contraindicated and surgical drainage in- 
stituted. 

If the inflammation is confined to the penile urethra, two small tin 
electrodes are employed, wth the smaller one, which should be just 
of sufficient size to cover the affected area, placed on the posterior 
surface, the larger electrode directly opposite on the anterior surface, 
and both strapped in place \yith adhesive. Usually, not more than 
200 to 300 ma. are required, which is repeated daily for at least an 
hour (Figs. 2, 3). 

In cases of periurethritis involving the perineum, an electrode is 
fitted over the inflamed area on the perineum, and the block tin plate 
is used as the other electrode, employing not more than 800 to 
1200 ma. of current. 

We have observed diathermy clear up these troublesome peri- 
urethral fistulas where older methods were of no avail. If pus forms, 
It must be drained surgically. 

Acute Prostatitis 

Diathermy is the treatment of choice in the management of acute 
prostatitis occurring either as a complication of an acute urethritis, or 
in that smaller group of cases where the infection is hematogenous 
from disease elsewhere — as influenza. It far surpasses the old time- 
honored methods of applying heat — namely, sitz baths and hot rectal 
douches — because the heat can be actively directed to the prostate 
with a higher temperature, which is more uniform, and over a longer 
length of time It relieves the patient quickly of the distressing symp- 
toms, including retention of urine, if that be present, and reduces the 
size of the prostate rapidly and thereby shortens the duration of the 
disease. Outside of a slight tenesmus, which may be present at the 
introduction of the prostatic electrode at the. first treatment and 
which usually disappears afterward, it has a distinct soothing effect 
upon the patient. In accordance with accepted general surgical prin- 
ciples, if pus collects forming an abscess, prostatotomy is demanded. 
The older method of passing a sound through the urethra and rup- 
turing the abscess with the hope that it will drain into the urethra^ 
not looked upon with favor, but open operation with drainage estab- 
lished to keep from rupture into bladder or rectum. 
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A patient ivith acute prostatitis is a hospital case, because the effec- 
tiveness of the treatment directed to the prostate in the first few hours 
will determine the future management. It is here that a portable 
diathermy machine is indicated, for it can be brought to the patient’s 
bed. The patient is placed on his belly, ivith the larger so-called in- 
active electrode of block tin, approximately 6 by 8 inches, anointed 
with soap lather or K-Y lubricating jelly, beneath the lower abdomen. 
The buttocks are spread, with one hand, and the prostatic electrode, 
copiously anointed with lubricant, is introduced easily and carefully 
into the rectum, directing the concave metal portion to come in actual 
contact ivith the diseased portion of the prostate, as having been 
previously determined by rectal palpation. This may be turned to 
various areas during the treatment if necessary. Too much emphasis 
cannot be placed upon how skilfully and painlessly the introduction 
of this electrode should be carried out. The patient is particularly 
apprehensive at the beginning of the first treatment, the prostate may 
be exceedingly tender and there may be some tenesmus with attempt 
to force the electrode out, but the effectiveness of the treatment de- 
pends upon how accurately the electrode is placed, so the electrical 
heat may be generated at the point desired. Upon not being shocked 
nor hurt, but, on the contrary, experiencing the soothing effects, the 
patient’s morale is raised, and the second treatment will go more easily 
with better cooperation. The thermometer is introduced through the 
shaft of the electrode, which may be held in place with small sand- 
bags above and below it, which also help to steady it. 

The current is increased gradually, taking at least five minutes to 
arrive at a maximum temperature of no® F., or 43.33° C. Above this 
temperature the patient complains of tenesmus and sacral pain, al- 
though the maximum temperature reached has been 112® F. (44.44® 
C.). The temperature registered in the thermometer is lyi degrees 
less than that generated in the tissues. Even when the patient is 
tolerant of a high temperature, it is difficult to obtain, as the blood 
seems to carry the heat away faster after a temperature of 109 to 
no® F. is reached. The milliamperemeter may vary from 1000 to 
1800. Many patients may not be able to tolerate this temperature at 
first, but most will be able to bear it if it is gradually attained. In 
some, however, the tolerance will not be that high, and in these the 
patients’ statements must be given as much weight as the thermometer 
m the prostatic electrode. 

The treatment should extend over a period of 40 minutes to i hour 
or longer, daily, or even twice a day until the acute symptoms dis- 
appear. 

Catheterization may have to be carried out for retention of urine 
and should be done under the strictest aseptic conditions, using a 
catheter which will cause the least amount of trauma, even a woven 
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olivary-tipped or steel catheter if necessary, with plenty of lubrication. 
All other local forms of treatment should be stopped during an acute 
prostatitis. The same routine is carried out in an acute infection of 
the seminal vesicles. 

Diathermy has produced remarkable results in our cases of acute 
prostatitis, and, when presenting themselves early enough for pallia- 
tiv'e treatment to be instituted, prostatic abscess is a rare termination. 
Often, for patients wth acute prostatitis refusing to be hospitalized, 
and in institutions where diathermy cannot be carried out for one 
reason or another, hot rectal douches or hot sitz baths are advised 
several times daily. 


Chronic Prostatitis 

Chronic prostatitis may result as a termination of an acute pros- 
tatitis, or it may be the product of the insidious extension occurring 
in the majority of cases with an acute urethritis. It may or may not 
produce any symptoms, but with absorption it acts as a focus for a 
host of symptoms, which will not be relieved until a careful search 
reveals the prostate as an offending portal. 

The time-honored routine treatment of chronic prostatitis with 
digital massage and total bladder irrigation, supplemented with 
sounds, overdilatation of the posterior urethra, bacterin and protein 
therapy, has not produced brilliant results either in a permanent cure 
or the rapidity ^vith which it was accomplished. Indeed, in a minority 
of patients who present themselves with a chronic prostatitis, it may 
be impossible to get the gland in such a shape that the microscopic 
examination of the prostatlc drop does not reveal pus, even though 
the symptoms may be entirely gone. When a patient asks at the begin- 
ning in what time he may expect a cure, the truthful answer of “im- 
possible to state” rarely satisfies, and yet anywhere from “two months 
to two years with the average of approximately eleven months” is 
even less gratifying. 

Anything which tends to offer a better solution of this inaccessible 
infection is welcome, and diathermy has been offered as a means of 
shortening the duration of chronic prostatitis. It is carried out in the 
same manner as described under Acute Prostatitis, the treatment 
being given two or three times a week. Less distress is experienced 
upon the introduction of the electrode and the tenesmus is practically 
absent. At least 40-minute treatments should be given (Fig. 4). 

The diagnosis of chronic prostatitis is made, first, upon the findings 
at rectal palpation of the prostate, and secondly, on the immediate 
e.xamination under high-power microscopic field {Vn objective) of the 
e.xpressed secretions, wath the white biood cell count of not more 
than S per field being regar<Jed as normal. This examination is 
carried out, of ir.,e, before any treatment Is instituted, but Mac- 
Arthur advises t; a “check-up” is not necessary between treatments, 
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which should be given in series; in fact, he states that patients who 
have been given prostatic massage before their diathermy treatment 
do not respond as well as those who had none, A patient should be 
given one or two series of eight or ten treatments each and then a 
“check-up” on the prostatic secretion and, if this be abnormal, the 
series repeated. 

MacArthur reports very good results from diathermy in chronic 
prostatitis. Our results like many others are variable, being not nearly 
as striking as in the cases of acute prostatitis. In a few, diathermy 
produced a cure, the cell count dropping to normal and staying there 



, 4 — Diathermy in chronic prostatitis Block ten electrode (6 by 8 in ) beneath 

abdomen Thermometer m shaft of prostatic electrode repisters deprecs less than is 
generated in prostate Prostatic electrode may be held firmly in place by sandbags 


^■fter repeated examinations at lengthening intervals, but in a majority 
there has been no apparent beneficial result. It is true that the symp- 
toms^ are relieved, but in other respects the condition is similar to 
that m the cases treated by digital massage, in other w’ords, discourag- 
ing Perhaps in our series of cases the treatments were not prolonged 
enough, and many of them had received previous prostatic massage. 

was noted that careful attention to technical details gives better 
esuits. Again the economic conditions come up; most patients will 
ot give the time necessary and have not the means to have diathermy 
neither do we have the physical accommodations de- 
manded m treating all patients wdth dironic prostatitis with diathermy. 
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especially in hospital clinics. Therefore we reserve diathermy for those 
selected cases in which either by time, examination or economic con- 
dition it seems indicated. 


EpiDiDYiirns 

Epididymitis; a complication in about 15 to 20 per cent of cases 
of acute urethritis, with greater prevalence in hospital clinic cases, is 
included in the group of circumscribed areas of inflammation which 
are amenable to diathermy. The usual palliative treatment is rest in 
bed, with elevation by a bandage or strapping, application of heat or 
cold, free catharsis, forcing fluids, and perhaps protein injections. 
Local treatment must be stopped. This usually incapacitates the 
patient for from five to fourteen days, with the possibility that if the 
condition does not subside, incision and drainage may be necessitated. 
Some urologists do not believe in the palliative treatment but recom- 
mend immediate drainage, which results in a shorter hospital stay. 
We advocate palliative treatment except in the following conditions, 
which indicate that an epididymotomy should be done; 

1. In the relief of pain. 

2 . Cases which do not subside promptly under palliative treatment. 

3. Recurrent attacks. 

4. Bilateral cases. 

$. As a greater chance against sterility on the affected side. 

6. To enable the patient to get on his feet sooner. 

Diathermy has been recommended as a means of relieving the sub- 
jective symptoms and speedily returning the epididymis to normal. 
We have discarded the scrotal thermophore in favor of two block tin 
electrodes, cut to size and molded to fit the conditions, as described 
by MacArthur. As the epididymis lies under the posterior surface of 
the scrotum, the posterior electrode overlying this should be smaller 
than the anterior one. The electrodes are covered with soap lather or 
lubricating jelly and may be strapped with adhesive to hold them in 
place, held by the patient or supported by small sandbags (Fig. 5). 
The pressure applied on the upper electrode holds the lower electrode 
in place. The tolerance to heat varies greatly in patients. As there is 
no thermometer connection, the beat should be raised gradually, using 
from 750 to 800 ma , and the treatment carried on for at least 40 
minutes to i hour after maximum temperature has been reached. At 
times it may be well to increase the heat until cutaneous discomfort 
is noticed and then reduce the current slightly so no unpleasant sensa- 
tion accompanies the treatment. Treatments for a shorter time do 
not get the desired results and should be given daily until the condition 
improves. 

MacArthur reports a series of 35 cases of epididymitis, 21 of which 
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were hospital patients. In these the average number of days before 
pain had subsided was 1.76, and the number of diathermy treatments 
required to reduce pain was 1.57. The average stay in the hospital was 
6.52 days. The patients were not discharged until all the pain and 
tenderness had subsided, as had the swelling. These patients were all 
in condition to begin local treatment. Average number of diathermy 
treatments was 3.28. There were 14 cases in his private office; the 
length of time to relieve pain was 20 days, and the number of treat- 
ments was i.g. Entire condition subsided in 6.7 days, with the aver- 
age number of diathermy treatments being 6.1. 



5— Molded block tin electrodes in acute epidid>miti5. Smaller electrode on 
posterior surface and larger on anterior May be held in place by Lght sandbag or ha\-ing 
patient hold it Pressure on anterior electrode keeps posterior electrode in place 


In 10 of the office cases, posterior irrigations were begun 9.8 days 
siter onset of the epididymitis, accompanied by prostalic diathermy, 
^ithout recurrences. In this series of 35 cases, none required opera- 
fiv-e interference. In 6 cases the patients were able to carry on trith 
their work after the first diathermy treatment, although one had a 
re<^rrence on the third day, which forced him to lay off for a day. 
Our results are by no means comparable to this and. may be 
2S indifferent. It is our e.Tperience that in a majority of cases 
e pain usually subsides as soon as the patient stays in bed wnth 
e evation of the epididymis. The diathermy treatment probably aided 
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especially in hospital clinics. Therefore we reserve diathermy for those 
selected cases in which either by time, examination or economic con- 
dition it seems indicated. 


EplDlDYJktins 

Epididymitis, a complication in about 15 to 20 per cent of cases 
of acute urethritis, with greater prevalence in hospital clinic cases, is 
included in the group of circumscribed areas of inflammation which 
are amenable to diathermy. The usual palliative treatment is rest in 
bed, with elevation by a bandage or strapping, application of heat or 
cold, free catharsis, forcing fluids, and perhaps protein injections. 
Local treatment must be stopped. This usually incapacitates the 
patient for from five to fourteen days, with the possibility that if the 
condition does not subside, incision and drainage may be necessitated. 
Some urologists do not believe in the palliative treatment but recom- 
mend immediate drainage, which results in a shorter hospital stay. 
We advocate palliative treatment except in the following conditions, 
which indicate that an epididymotomy should be done; 

1. In the relief of pain. 

2. Cases which do not subside promptly under palliative treatment. 

3. Recurrent attacks. 

4. Bilateral cases. 

5. As a greater chance against sterility on the affected side. 

6. To enable the patient to get on his feet sooner. 

Diathermy has been recommended as a means of relieving the sub- 
jective symptoms and speedily reluming the epididymis to normal. 
We have discarded the scrotal thermophore in favor of two block tin 
electrodes, cut to size and molded to fit the conditions, as described 
by MacArthur. As the epididymis lies under the posterior surface of 
the scrotum, the posterior electrode overlying this should be smaller 
than the anterior one. The electrodes are covered mth soap lather or 
lubricating jelly and may be strapped with adhesive to hold them in 
place, held by the patient or supported by small sandbags (Fig. S)* 
The pressure applied on the upper electrode holds the lower electrode 
in place. The tolerance to heat varies greatly in patients. As there is 
no thermometer connection, the heat should be raised gradually, using 
from 750 to 800 ma., and the treatment carried on for at least 40 
minutes to i hour after maximum temperature has been reached. At 
times it may be well to increase the heat until cutaneous discomfort 
is noticed and then reduce the current slightly so no unpleasant sensa- 
tion accompanies the treatment. Treatments for a shorter time do 
not get the desired results and should be given daily until the condition 
improves. 

MacArthur reports a series of 35 cases of epididymitis, 21 of which 



Inflammation of Sheath of Corpora Cavernosa ®vofume n] 17 

1. The local condition', the wethritis may be treated in the usual 
way or by diathermy, which will not produce results if a posterior 
involvement has occurred, in which case treatment may be directed to 
the prostate. 

2. To the sterilization of the blood stream and what results may be 
accomplished by chemotherapy. 

3. To the joint. 

Here diathermy produces marked beneficial results, as the heat may 
be accurately generated. Various types of electrodes may be used, but 
the technic must be accurate to obtain results. The wire mesh elec- 
trodes have been advocated because they conform better to the 
irregularity 0! the joint. Where block tin molded electrodes are used, 
attention has to be given, if the heat is required through the joint, 
that the electrodes are of equal size; but where ft is required that the 
heat be neater one surface of a joint, the smaller electrode should 
be placed over that, area and kept in place by strapping and sandbags. 

The method of a cuff arrangement above and below the joint does 
riot work out well, the current going almost through the superficial 
tissues. The various types of molded-to-fit block tin electrodes adapt 
themselves very well. 

The treatments should be from 40 minutes to i hour daily until 
the patient is better, and the amount of current varies with the 
individual, ranging from 800 to 2000 ma. The tolerance of the patient 
is the best guide. 

Chronic Inflammation of Sheath of Corpora Cavernosa 

Chronic inflammation of the erectile tissues of the penis, especially 
of the corpora cavernosa, leads to areas of induration which, although 
painless, progress so that erection is difficult and impossibie, or accom- 
plished iivith a marked curvation of the penis. The condition may 
progress until these fibrous plaques become calcareous. The etiology is 
unknown but is often associated with a rheumatic or gouty diathesis. 
The majority of these patients have a chronic prostatitis also. 

The treatment has been most unsatisfactory, with attention to any 
correction in metabolism, prostalic massage, internal administration 
of potassium iodide and often direct injections of fibrolysin, with the 
condition often becoming progressively vmrse. 

We have tried diathermy in several of these cases, along uith other 
mentioned^ treatment, and the results have been as good with other 
'nethods, if not better. If the fibrous plaques are formed as a result 
of chronic inflammation, then in diathermy we have the best means of 
combating this, if seen early cnou^. The electrodes of molded block 
tm are applied in the same manner as for periurethral conditions and, 
asting 40 minutes, the treatments are given two or three times a 
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us in getting relief, but in accomplishing the rapid reduction of swell- 
ing and getting the patient out of (he hospital in six days, we cannot 
record anything like the remarkable results as reported by MacArthur. 
It has been our belief that it is unwise to resume local treatment under 
a month, in cases of epididymitis treated palliatively, but where 
epididymotomy has been performed, local treatment can be started 
sooner. We advise all cases of epididymitis to stay in bed, preferably 
in the hospital where they can be watched and where it is possible to 
carry out diathermy as an adjunct to the routine treatment of eleva- 
tion, forcing fluids and possibly nonspecific protein therapy. 

A distressing funiculitis often accompanies the involvement of the 
epididymis, and this may be treated by placing one electrode over 
the globus minor of the epididymis, while the other is placed over the 
external abdominal ring. This permits heat to extend over the acces- 
sible portion of the vas and should be carried out as previously 
described. 

The question arises, naturally, whether in those cases treated with 
diathermy, the testicular function of spermatogenesis is disturbed. 
MacArthur, attempting to answer this, was not definitely able to stale 
at the time of his report but is of the opinion that it is not. There 
were lo cases of epididymitis which were given from one to ten treat- 
ments of diathermy, after which operation was performed and a sec- 
tion of testis removed. In 6 of the lo cases, the pathologic findings in 
the testes were so severe that spermatogenesis was lost, but this could 
readily be due to the intensity of the infection and not to the dia- 
thermy. In 2 of 10 cases (one of four treatments and one of six) 
both had active spermatogenesis. In a case of chronic bilateral epididy- 
mitis, in which it was either a case of doing a bilateral epididymectomy 
or treating with diathermy, the treatments w’ere given to both epi- 
didymes, after which all the pain and swelling subsided. One month 
later, semen showed actively motile sperms and this was checked up in 
another similar case and motile sperms found. The consensus of 
opinion is that there is no permanent damage. 

Diathermy should be withheld and epididymotomy employed when 
actual pus formation is present. 

Arthritis 

The acute arthritis, which occurs as a metastatic complication of 
acute gonorrheal urethritis, is a serious affair and demands prompt 
and efficient remedial measures, else the individual may be crippled 
for life. WTiile nearly any joint may be affected, the larger joints as 
the knee, ankle, hip and elbow are mostly involved and it may be 
polyarticular. Synovitis and tenosynovitis may accompany it. 

The treatment should be directed to three main issues: 
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to disturbances of micturition, mostly frequency and perhaps some 
pain at the end of urination. The urine-is usually clear and free from 
pus. The experienced cystoscopist will have no difficulty in diagnosis, 
and the polyps are quickly and easily destroyed by electrocoagulation. 
A large block tin electrode, 6 by 8 inches, is placed beneath the pa- 
tient’s buttocks, then mth a No. 6 French Bugbee electrode in the 
cystoscope, the tip is placed in contact with the base of the polyp and 
with a low current it is quickly destroyed. Much better vision and 
manipulation may be obtained by having a continuous stream of boric 
solution flowing to distend the urethra. The current should not be too 
strong, not nearly as much as is used in destroying tumors of the 
bladder, as the posterior urethra is more sensitive and the patient does 
not tolerate this as well. We usually employ local anesthesia only, 
which is obtained by placing a tablet consisting of one grain of novo- 
caine in the posterior urethra with a tablet depositor, which is espe- 
cially designed for that purpose. If the patient is nervous and appre- 
hensive, a hypodermic injection of morphine and atropine is given one- 
half hour before the operation, or some other sedative like sodium 
amytal may be used. Caudal anesthesia has been used and, where the 
occasion demands it, general anesthesia, where due caution must be 
taken in regard to electric sparks and ether if used. 

Usually such growths can be destroyed at one sitting, and the patient 
is advised to return in several weeks for observation. 

The same treatment is applicable and the response equally as good 
in similar diseases of the posterior urethra, as tumors of the verumon- 
tanum, hypertrophy of the verumontanum and granulation tissue in 
the posterior urethra. We have used this bipolar method of electro- 
coagulation in cases of varices or bleeding coming from the posterior 
urethra, in some instances following topical application of silver 
nitrate, when nothing else would control the marked hemorrhage; 
^Ith continuous dilatation of the urethra, the bleeding point is sought, 
and, placing the tip of the Bugbee electrode on it, electrocoagulation 
IS accomplished with a low current. 

The interest of urologists has been revived recently in the handling 
of patients suffering from what has been called a median bar, which 
niay be either fibrous or glandular. The bladder neck may become 
sclerosed and contracted by fibrous scar tissue, and this may be 
terrned fibrous obstruction and may follow prostatectomy The first 
^’ork and attempt at correction was done by Guthrie just one hundred 
years ago, and it was stated by him that only those bars or obstruc- 
lons which were not associated with glandular enlargement were 
amenable to the instrumentation he devised before the days of direct 
Vision of these contractures. This method fell into disuse and remained 
uormant until Young brought forth his punch, with which pieces were 
itten out of the bladder neck at various angles until the obstruction 
aiS danger in this procedure was hemorrhage, 

a It has been our custom to do a suprapubic cystotomy and bite out 
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week. As this disease is slowly progressive, it may be some time before 
definite signs indicate that even this treatment is of no avail. 

Enuresis 

Enuresis in children is essentially a functional disease with a natural 
tendency toward cessation at puberty. Often a careful physical exam- 
ination in male children will disclose some alteration in the urine, 
irritation about the meatus or glans, stricture calculus or spina bifida 
occulta, the correction of which will arrest this condition. Curtailing 
the fluid intake after 4 p.m. and the placing of a large wooden pill 
box or wooden spool in the lumbar region with a string that may be 
tied around the waist, which will shift the child when an attempt is 
made to sleep on the back, are often sufficient to effect a cessation 
of the enuresis. Of the remaining cases, we have found by a cysto- 
scopic examination, mostly under a general anesthetic, that the pros- 
tatic urethra is usually markedly congested, with an enlargement and 
engorgement of the verumontanum. With the tip of the No. 6 French 
Bugbee electrode placed on the verumontanum through the cysto- 
scope and a large electrode beneath the buttocks, the bipolar current 
is turned on and the verumontanum clectrocoagulated. 

We have seen a number of young boys where this treatment was 
highly effective, enuresis not being resumed after a single treatment. 

Urethra 

There are several conditions involving the urethra, particularly the 
posterior urethra, in which electrosurgery produces brilliant results, 
that in the past have been difficult to accomplish with the older 
methods of sounds, overdilatation of the posterior urethra and the 
topical applications with silver nitrate. 

The general practitioner is usually not equipped nor has he 
ability to make cystoscopic examinations, but he should bear in mind 
that patients complaining of some disturbance of micturition, such as 
frequency or burning, or possibly terminal hematuria, may have some 
pathologic change in the posterior urethra, which will account for this 
even though the cystoscopic examination fails to reveal any abnormal- 
ity in the bladder or kidneys. The expert makes it a part of the routine 
examination, after completing the inspection of the bladder, thoroughly 
to investigate the urethra. This is best carried out with the cysto- 
urethroscope or convex sheath and having a continuous stream of 
boric solution flowing all the time to distend the urethra. This makes 
a better instrument for diagnostic purposes, at least, than the ordi- 
nary urethroscope, with either the curved posterior tube or straight 
tube, and permits a thorough inspection of the entire urethra. 

At times small polyps or polypoid formations are found at the 
vesical neck or just outside in the prostatic urethra, which give rise 
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Ceilings has always emphasized that this electrical excision is only 
applicable in fibrous bars and be does not recommend its use in the 
glandular type. The knife-like electrode is introduced through the 
modified McCarthy foroblique panendoscope, and the excision carried 
out under direct vision, which is aided by continuous irrigations 
throughout the operation. 

The patient should be hospitalized and the operation carried out 
under caudal anesthesia, or, as we have ascertained in the last few 
cases, local anesthesia, the drug being given directly into the bar by a 
long needle attachment to the hypodermic syringe. A large block tin 
electrode is placed under the buttocks for an inactive electrode. 

The author states: “The cysto-urethroscope is passed into the blad- 
der. With the bladder partially distended, and the inflow and outflow 
of water regulated, the electrode is engaged upon the bar at 6 o'clock. 
The current is turned on and marked bubbling is noted. The protein 
molecules are exploded by jostling of the high-frequency oscillations. 
The urethroscope and electrode are slowly pulled back en masse 
until the verumontanum appears. A white furrow about 2 mm. deep 
is seen. The instrument, ;vith the electrode in the furrow, is then 
pushed forward and through the bladder neck. Working back and 
forth in this manner the groove is gradually widened and deepened. 
Cut until you see the last obstructing fibrous band has been sawed into. 
One can, from the verumontanum, look dowm a deep valley (perhaps 
1.5 cm. deep) and see the base of the bladder. Persist in your efforts 
^^til you are satisfied the patient has a wide open bladder neck. If 
this is accomplished, the patient will be relieved We w'ere all timid 
at first and cut too little. Do not be afraid of the rectum — it is still 
1-5 cni. away (as determined on the cadaver). 

‘By turning the knife blade sideways one engages the blade on the 
bladder neck at 5 o’clock. Cut downward and backward until the 
intervening tissue is ivhittled away. This procedure is repeated at 
7 o’clock. 

‘The Operation can be slowly and precisely performed in about 20 
minutes. 

There is only a minimal amount of heat penetration beyond the 
me of incision. By microscopic examination we have found tissue 
de^ruction extends only i to 2 mm. beyond the cut.” 

The one drawback to this procedure has been the necessity of an 
to deliver the cutting current. The ordinary diathermy or 
. ‘S^'^^^QUency machine Avill not deliver this current. We now employ 
C Tv *■ *^‘*' same Westinghouse machine as used in the modified 
in^t operation. For the visual excision of fibrous bars, this 

oh f is effective, but it is not suitable for the glandular types of 
^®‘^ber is it as rapid nor has it as much latitude as the 
filled Caulk, which formerly carried this out without direct vision, 
mov* ^o^^ceived the idea of a loop excisor, and in 1926 started a 

’ement which has been termed variously as transurethral prostatic 
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the pieces under direct vision, so the hemorrhage, if there were any, 
could be controlled at that time. 

Recently, some new instruments have been offered for the correc- 
tion of this obstruction, some of which employ direct vision, and from 
being relegated to a palliative procedure, a wild enthusiasm has swept 
along to such an extent that not only are the fibrotic median bars 
attacked but resection of glandular hypertrophy, so that in a large v 
urban hospital no radical prostatectomy has been carried out during 
the past year. 

Formerly, this method was advised in those obstructions of the 
vesical neck due to a fibrous median-bar formation where the glandu- 
lar element was not the primary factor; in contractions of the neck 
following prostatectomy; as a palliative procedure in those cases which 
for one reason or another could not stand a radical operation and 
where enough tissue could be removed to prevent retention; and 
lastly, in cases of carcinoma of the prostate for the relief of reten- 
tion, with no expectation of a curative process. 

Caulk has devised an ingenious punch to correct obstructions at 
the bladder neck. The instrument is an electrical adaptation of the 
Young punch and, while observation of the portion to be excised rnay 
be carried out prior to the excision, the actual punching is carried 
out without visual aid. Recently there has been added a visual system 
to this punch. The patient should be hospitalized. The anesthesia may 
be caudal or local, employing the long needle attachment to the 
syringe, and the operation may be carried out painlessly with the ex- 
ception of the point when the tissue is just being completely excised. 

A large block, tin plate is placed beneath the buttocks for the inactive 
electrode. The author states that the heat generated does not destroy 
this removed tissue and a histopathologic section may be made where 
diagnosis is desired. He has further stated, recently, that not only are 
the fibrous contractures at the bladder neck amenable to this opera- 
tion but he is employing it in the glandular types of obstruction, 
namely, hypertrophy, cutting sections at various angles to relieve the 
obstruction, following which there w'as noticed a recession in the size 
of the gland. 

Birdsall has modified the Caulk punch by enlarging the fenestra and 
employing a cutting current as delivered by the portable endotherm, 
a spark gap machine of the Westinghouse Company, which combines 
medical and surgical diathermy with a cutting current. The hemor- 
rhage is minimal, and a Robinson catheter, No. 24 French, is tied in 
for forty-eight hours. There are some patients whose urethra will not 
take this No. 28 French instrument; general contraindications will be 
discussed.later. 

ColHngs has offered a method of electrical excision of these bars by 
utilizing the cutting current. The oscillations of the cutting current 
are some fourteen or fifteen times faster per second than the fulgurat- 
ing high frequency suggested by Beer and require a special apparatus. 
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only factors to be considered irj the end-results, even if the remainder 
of the gland undergoes retrogressive changes. 

Bladder 

With the introduction of the high-frequency current presented to 
urology by Dr. Edwin Beer, in ipro, the treatment of benign tumors 
of the bladder was completely revised. The poor results following 
open operation were so discouraging that the profession welcomed this 
new electrosurgical procedure and today it is the accepted mode of 
treatment. It is essential that (he correct diagnosis be made, and the 
expert cystoscopist is able in well over 90 per cent of cases to differ- 
entiate between a noninfiltrating benign tumor and an infiltrating 
malignant tumor. Failure to respond to electrocoagulation is sugges- 
tive that the growth is malignant. 

Beer advised the monopolar current, but the bipolar current is used 
mostly now, A large 6 by 8 inch block tin electrode is placed beneath 
the patient’s buttocks to act as an inactive electrode. The cystoscope 
with the Bugbee electrode is passed into the bladder, and the tip of 
the electrode is placed at the base of the narrow pedicle and the 
papilloma destroyed- WTiere the base cannot be seen, the electrode 
U placed against iWs projecting mass, but the tumor is destroyed 
more quickly when the base can be attacked. ItTien the current, which 
may be used stronger here than in the posterior urethra, is turned on, 
a stream of bubbles arises and pieces of tissue may seem to burst. 
The speed of destruction depends upon the size of the tumor, but most 
papillomas can be destroyed in several sittings. As there is a marked 
tendency to recurrence, approximately 40 per cent, the patient is 
requested to report at three months’ intervals for the first year, six 
months’ intervals the second year and yearly thereafter to check up 
against recurrence. 

When the tumor discovered in the bladder is considered malignant, 
the question of the form of treatment is most important, first, in that 
the prognosis depends upon how early and accurately the diagnosis 
IS TOde, and secondly, as there is no universally accepted treatment 
and each case is a study in itself, the procedure employed being 
^^P^ndent on many factors. 

, is no accepted pathologic classification of bladder tumors, and 
he cystoscopist should rely upon the clinical classification of malig- 
nancy. The expert cystoscopist is able to give a better opinion than 
anyone else, notwithstanding that bio^y has been advised in doubt- 
ul cas^, despite the warning that this may disseminate the gro^Yth 
^aster. Papillomas are considered potentially malignant and are liable 
o iin malignant degeneration if not destroyed. The cystoscopist 
malignant tumors into two types — ^noninfiltrating and 

family physician rests the responsibility of early diagnosis 


divides the 
infiltrating. 
Upon the 
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resection and punch prostatectomy. Davis proved the practicability 
of loop resection by reporting in 1931 a series of 100 cases with no 
fatalities. Marked improvement had been made in the machines pro- 
ducing the cutting current and in the switching devices to the coagula- 
tion current for the arrest of hemorrhage. McCarthy, alive to its 
possibilities, proceeded along scientific lines to produce a unit nearer 
to perfection. Enlisting engineering aid, the “McCarthy surgical unit” 
has been offered as the last word in the tube-set high-frequency 
machine. The controversy has not been definitely settled as to whether 
the tube-set or a spark-gap machine is the better type. It is claimed 
that the tube-set has many advantages over the spark-gap and none 
of its disadvantages, due to its uniformly continuous o.scillation, which 
makes cutting smoother. From the practical standpoint in our clinic, 
the cutting and coagulation current, as produced from a portable 
spark-gap endotherm, is very effective. 

A special bakelite sheath is provided for the panendoscope, and the 
resection carried out under direct vision. Multiple bites are necessary, 
and usually the first bite is the largest. The patient should have a 
permanent catheter for several days. 

The same careful examination and preparation are as necessary for 
these patients as for those who are candidates for a radical operation, 
where renal and cardiovascular tests besides others have to reach a 
certain standard before the patient qualifies. Most of the instruments 
used for resection are of fairly large caliber (No. 28 French), certain 
urethras tolerate such manipulation poorly and urethral fever results 
as after any other instrumentation; this should be carefully guarded 
against, as well as ascending infection. We have seen several cases oi 
stricture formation follow, particularly near the meatus. While^ the 
procedure has been described as bloodless, it may be far from this at 
times. With new improvements in switching from the cutting to the 
coagulating current, much hemorrhage is controlled wth the coagulat- 
ing electrode and this should be carried out after each bite is removed. 

It takes considerable manipulative skill to become a resectionist, 
even if one is more than fairly familiar wth the cystoscope, and it 
has been discarded by some after several disastrous attempts. We 
have had and seen certain cases where radical operation had to be 
carried out where attempts at resection had failed for one reason or 
another. 

Not every prostatic enlargement is suitable for resection, and cases 
carefully selected %vill give the best results. Certain it is that those 
prostatics with intravesical complications such as stone, tumor or 
diverticulum are not suitable candidates. Very large intravesical and 
large intra-urethral enlargements are difficult to handle and often 
impossible. 

Sufficient time has not elapsed for ultimate evaluation of this 
procedure, for recovery and relieving of residual urine are not the 
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generally regarded as hopeless. In certain climes the papillary car- 
cinomas are destroyed by cystoscopic electrocoagulation, and radium 
is applied by a cystoscopic carrier, with results comparable to other 
means. Again, radium has been applied in all cases of noninfiltrating 
and infiltrating growths, and results comparable with surgery have 
been obtained in the earlier cases; attacking those advanced cases 
where surgery is contraindicated, it has relieved the patient of symp- 
toms and extended the duration of life. ' 

Surgical diathermy has been advised for carcinoma of the prostate, 
attacking by the perineal and also suprapubic routes, but has not 
found much favor. The results of treatment of carcinoma of the pros- 
tate are even more discouraging than that of carcinoma of the bladder. 
We used this method on one patient, who died of a severe hemorrhage 
from the prostate three days after operation. 

The best results in carcinoma of the prostate have been in those 
cases which were not suspicioned prior to operation, nor suspected at 
operation, but with the diagnosis made by histopathologic section after 
complete enucleation. 

Those cases which are suspected at operation, but where the gland 
has been completely removed and diagnosed definitely in the labora- 
tory, are next in line. Postoperative roentgen-ray therapy is advised. 
Where the diagnosis is suspected prior to operation, radical removal 
is not usually advised, except by Young, who recommends extra- 
capsular prostatectomy if the gland has not broken over the capsule. 

Radium has been advised in these cases and may be applied in the 
form of seeds, either by exposing the gland suprapubically and then 
perineally or by implanting through a needle in the perineum. The 
roentgen ray will disclose the exact position of these implanted seeds. 
The histopathologic diagnosis may be made by aspirating some of the 
prostatic tissue through a special needle. Roentgenograms should be 
made of the bones and lungs to rule out metastasis before any treat- 
ment. 

The roentgen ray wll often relieve the distressing pain in the back 
and legs, which may be the first subjective symptom. The prognosis 
IS bad. 

Ureter 

The treatment for stenosis of the ureteral orifice formerly w’as in- 
cision, which was liable to be attended with severe bleeding and w’hich 
m a few reported cases necessitated cystotomy. This also applied to 
hose cases where there was a distinct bulging of the last centimeter 
° occlusion by a stone. 

the ureteral orifice can now’ be slit for any reason by surgical dia- 
nermy through the cystoscope. With the patient prepared as for cysto- 
scopic electrocoagulation, a special electrode with a small Y-shaped 
•P IS introduced into the orifice, and, with the bipolar current, the 
roof of the ureter is incised for a short distance. This may be accom- 
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in these cases of malignant tumor of the bladder. With the cardinal 
symptom of often painless hematuria, the patient consults his advisor, 
who too often complacently administers a urinary antiseptic and is 
readily satisfied if the hematuria ceases in a day or two. Insistence 
of cystoscopic examination at this time would do more for the patient’s 
prognosis than our most elective treatment later on. 

With a sessile type of tumor, the best information with regard to 
what extent infiltration has taken place is obtained by an aerocysto- 
gram and a cystogram, which we employ routinely. A roentgenologic 
examination should be made of the bones of the pelvis and spine, and 
of the lungs for possible metastasis, which is late and rare in those 
carcinomas affecting the bladder only, but common in those cases 
associated wth carcinoma of the prostate. 

Leading authorities agree that the best results are obtained by 
radical surgery in those selected early cases where the tumor is 
favorably situated (or excision, with or without resection of the ureter. 
Total cystectomy with transplantation of the ureters has a high mor- 
tality except in the hands of the most expert. 

In those cases which are either too extensive for resection or un- 
favorably situated but yet not too far advanced and without visible 
evidence of metastasis, we advise a combination of a suprapubic cys- 
totomy and destruction of the tumor by diathermy. General anesthesia 
is employed, and an inactive electrode, 6 by S inches, is placed under 
the sacrum. The active electrode is selected from several sizes of flat 
disks and screwed on the handle, and the strong current is conltoUed 
by a foot switch. Due precaution must be taken if ether is used as 
an anesthetic, on account of the sparking by the machine. After 
cystotomy, the active electrode is introduced directly on the tumor 
and it is destroyed by electrocoagulation. The charred tissue may be 
removed by a curet, and the destruction is carried out wide of the 
tumor tissue. Little attention is paid to the ureteral orifices, and usu- 
ally there is no retention on the involved side. In a series of cases 
treated in this manner a few years ago, w’e implanted radium in the 
destroyed base, but the results were no belter than in those who did 
not receive radium, so we discontinued it. Roentgen-ray therapy 
should precede and follow this procedure. This combination of surge^ 
and diathermy is not designed primarily to be curative, but it w'! 
relieve patients of distressing symptoms, improve their condition, m 
some cases allow them to return to their occupation and add a few 
years to their life We have a few cases where the diagnosis was con- 
firmed by histopathologic section that are living and well five to eight 
years after operation 

In those advanced cases, any treatment other than palliative has a 
tendency to hasten their end, so we usually resort to roentgen-ray 
therapy and cystotomy when retention occurs. 

The so-called papillary carcinoma or noninfiltrating type responds 
belter to treatment than the infiltrating type; in fact, the latter is 
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did not commence until they had exposed themselves to sunlight, 
following which healing was rapid. 

In the bilateral cases, surgery is usually contraindicated and helio- 
therapy has been advised. Biathermy has been advocated ioi paiiiative 
purposes, but mostly frowned upon. In some cases there is a persistent 
and distressing cystitis which resists all palliative measures. Beer 
states that fulguration of these ulcerations and granulations does pro- 
duce temporary relief, and reapplications of the current may be 
necessary. 

Genital tuberculosis, primary in the epididymis and going on to 
suppuration, is amenable to surgery, and epididymectomy is indicated. 
There is a marked tendency to become bilateral. It should be borne 
in mind that the infection in the epididymis may be secondary to that 
in the kidney, and the kidneys ruM out before any surgical procedure 
is carried out. Diathermy is contraindicated. Tuberculin given thera- 
peutically in the form of bacillus emulsion has proved beneficial in 
cases where focal, local and general reaction has been avoided. 

Testicle 

Following the suggestion of Ewing who stated, in 1911, that all 
tumors of the testicle should be regarded as teratomas or mixed 
tumors, we advise radical surgery as soon as diagnosis is made. Mostly 
in young adults in the third decade, the condition is highly malignant 
and the prognosis bad, with metastasis occurring mostly to retro- 
peritoneal lymph nodes wthin a year, whether or not a radical re- 
section of the lymph nodes up to the lumbar group is carried out. 
The Memorial Hospital of New York City reports encouraging results 
with the application of radium, but these have not been found else- 
where. 
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panied >vith the Bugbee electrode if one is expert. Slitting of the 
lower vesical portion of the ureter will often permit the prompt passage 
of stones, which have been lodged at this narrowest portion of the 
ureter. 

Medical diathermy has been recommended for patients with stones 
in the ureter or kidney, but it is not much used. As heat often relieves 
these conditions, diathermy should be more efficacious, but, in our 
experience, those patients with a ureteral colic require morphine hypo- 
dermically and \viU tolerate nothing during the attack of severe pain. 

Kidney 

We have had little experience with diathermy in renal conditions, 
but it has been advocated in all those cases where heat was formerly 
employed. As the kidney is closer to the posterior surface, the smaller 
electrode, 4 inches square, is placed over the kidney region, and the 
larger, 10 by 8 inches, is placed on the upper abdomen. The current 
is increased gradually with the amperage averaging 1000 to 2000. 
This should be over a period of 40 minutes. 

In tumors of the kidney, diathermy is contraindicated. Early diag- 
nosis as made by chromo-ureteroscopy, pyeloscopy, retrograde or 
intravenous urography indicates surgery with preoperative and post- 
operative roentgen-ray therapy. In those larger hypernephromas which 
are regarded as inoperable, roentgen-ray therapy has a marked tend- 
ency to relieve pain, stop hematuria and produce a marked diminution 
in the size of the tumor. 

Roentgen-ray therapy is indicated also in the mixed tumors of the 
kidney seen in children and where removal cannot be accomplished. 

Genito-urinary Tuberculosis 

Long clinical experience has placed genito-urinary tuberculosis, with 
the primary seat in the kidney, upon a surgical basis. Always second- 
ary to tuberculosis elsewhere, it is spoken of as primary in the par- 
ticular region of the genito-urinary tract that it affects first, usually 
the kidney and epididymis. AVhile theoretically tuberculosis may begin 
as a bilateral affair, it clinically develops as a unilateral affair, and, 
when diagnosis of surgical kidney is made, nephrectomy should be 
carried out. In certain selected, bilateral cases when one kidney is 
only slightly impaired and its fellow more so, the better kidney has 
improved after nephreciomy of the worse one. 

As the condition is systemic, the patient is by no means cured after 
nephrectomy. There is a marked tendency to breaking down of the 
wound. A general antituberculosis regime is advocated — rest, good 
food and fresh air. Under the last head, heliotherapy carefully carried 
out has a distinct place, and it has been reported by Bumpus that 
some patients volunteered the information that healing of the wouna 
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PHYSICAL AGENTS IN TREATMENT OF GYNECOLOGIC 
CONDITIONS 

Grant E. Ward, M.D., F.A.C.S. 

SECTION I 
DIATHERMY 

History. — ^The employment of high-frequency currents for medi- 
cal or surgical purposes has come to us through a long process of de- 
velopment, brought about by the untiring, gratuitous, cooperative 
labors of a group of physicists and medical and surgical investigators, 
to all of whom a debt of deep gratitude is due. As one reviews the 
history it becomes evident that advances were often simultaneous and 
quite independent in widely separated areas, making it difficult at 
times to assign priority in the construction of apparatus and improve- 
ments in technic. Elsewhere the history and physics of high-frequency 
currents and their biophysical effects are given in greater detail than 
is possible or necessary here; suffice it to define a few terms for clarity. 

Definitions. — Diathermy, in the simplest and most exact sense, 
means “to heat through." From the word alone no electrical connec- 
tion is evident, but, since its incipiency, diathermy has been used to 
designate that form of heat produced wthin the living tissues by 
the passage of a high-frequency current through them, when this heat 
IS not destructive but within physiologic limits. Within the last few 
years radio-tube apparatus have been devised for diathermy treat- 
ments, which create an electromagnetic field between two large plates 
so that when the patient is placed >vithin this field a rise in general 
body temperature to 105 or xo6° F. results. 

Electrosurgery, on the other hand, is the utilization of properly 
regulated high-frequency electric currents in the performance of sur- 
S'cal operations, as in making incisions in normal tissue, excising dis- 
eased areas, or in the desiccation (dehydration) or coagulation de- 
s ruction.^ The therapeutic agent is the electrically developed lethal 

eat wihin the tissues themselves, in contradistinction to the physio- 
logic heat of diathermy. 

. ^ndothermy is a name coined many years ago but not empha- 
or enlarged upon until the notable work of George A. Wyeth in 

924. home authorities claim for Germany the origin of this word; 




Diseases 


Cbapter 221 o 
Volume IlJ ^ 


Obviously ^Yith strong currents higher temperatures are generated; 
a happy balance between voltage and amperage must be obtained to 
generate the proper amount of heat without shocking and pain. As 
the application is prolonged the temperature rises to a point where 
the conduction and radiation disperse the heat as rapidly as it is 
formed and a state of equilibrium exists, the given current maintain- 
ing the same temperature, as a rule, and any increase in the current 
strength increasing the heat proportionally. 

Such conditions prevail in a homogeneous medium, but in the body 
certain variations occur due to the different densities of the body tis- 
sues through which the currents pass. The denser tissues offer in- 
creased resistance, allowing less current to flow through with corre- 
spondingly less temperature rise. Tissues vary in density from greatest 
to least as follows: bone, cartilage, ligaments, fascia, skin, muscle 
and fat Heat is also dispersed by radiation and by conduction of the 
blood stream. 

High-frequency currents are known to travel on the surface of metal 
conductors. That this also holds in the case of organic substances was 
shown by Bettman and Crohn, who worked with bologna sausage, 
observing that the highest temperature registered at the periphery, 
just beneath the skin of the sausage. This then brings about a dif- 
feteiiw oi opinion from the theoteVk aspect described above. From a 
practical standpoint, however, investigation reveals increases in deep 
temperatures during the application of high-frequency currents, de- 
pendent on the strength of current and balance between voltage and 
amperage; in other w'ords, in spite of the variations in tissue struc- 
tures and densities, temperatures in deeper organs, as the lungs, liver 
and pelvic organs, are moderately raised by diathermy currents, the 
depth of this temperature and its exact location being determined by 
the size, shape and location of the electrodes. Bettman and Crohn 
further demonstrated that when agar-agar is the homogeneous con- 
ducting medium, temperatures occurred midway between equal-sized 
electrodes or nearer the smaller of two electrodes of different area. 
If a piece of bone or other nonconducting substance is placed in the 
center of the agar, the electromagnetic waves are bent around the 
bone, and a concentration of current with a greater rise in tempera- 
ture appears at the periphery of the bone. E. A. Weinberg and the 
author (unpublished) have confirmed these observations in living dogs 
by inserting a clinical thermometer in a hole bored in the bone of the 
oreleg and another in the surrounding soft parts, while diathermy 
''as applied, higher temperature readings being obtained in the soft 
parts next to the bone. 

Diseases. — In discussing the use of diathermy in gynecology, the 
vriter will refer freely to the work of Corbus and O’Conor, and 
jj, Cherry and others (see bibliography). In spite of some 

foretic and laboratory e\ndence to the contrary, heal penetration is 
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others, that Mr. Kurt Stoye, a phj^idst, was the first to utilize 
it. Endothermy literally means “heat from within.” Wyeth calls 
electrodesiccaiion “monoterminal endothermy”; electrocoagulation, 
“biterminal endothermy”; and the cutting current, “endotherm knife.” 
Further differentiation of electrodesiccation, electrocoagulation and 
cutting is given under “electrosurgery.” 

The term “uniterminal” refers to one cable connection between the 
small active electrode and the instrument, the patient acting as a con- 
denser, disseminating the current, which then returns to the generator. 
“Biterminal” infers two direct connections between patient and ap- 
paratus: (i) a small active electrode, concentrating the current to 
raise the local temperature wthin physiologic limits (diathermy) 
or above that lethal to the tissues (eleclrosurgery), and (2) a large, 
inactive or plate electrode in dose contact with the patient’s skin at 
a point distant from the treated area. Frequently, two equal electrodes 
are employed to raise uniformly the temperature of a part of the body 
or extremity. In medical literature the words “bipolar” and “mono- 
polar” were extensively used, but as there is no polarity to a high-fre- 
quency current such terms are erroneous. 

Physiology. — The physiology of heat is thoroughly discussed in 
Volume I. Diathermy heat is, because of its mode of production, much 
more penetrating than that from any other source. As high-frequency 
currents pass through the tissues, heat develops wthin them, differ- 
ing in this way from the radiation and conduction heat of hot instru- 
ments applied to the surface of the body, as hot-water bottles, hot 
baths, the Paquelin or electric cautery, etc. Painstaking clinical and 
laboratory researches have proved that this heat penetrates to practi- 
cally any depth of the body and raises the temperature of deep- 
seated organs. Therapeutic temperatures of 108® F. can be obtained 
in the urethra and rectum, and in® F. in the cervix. With this eleva- 
tion there is pari passu an increase in the oral temperature from 0^5 
to i.o degree. Such temperatures produce the familiar physiologic 
effects of dilatation of blood vessels and increased circulation, and 
have sedative effects upon the nerve endings and relaxation of the mus- 
cles. These effects bring the body defense mechanisms, leukocytosis 
and swelling of the tissues with exudation of blood plasma, to fight 
disease or promote repair processes. Certain authors claim a most im- 
portant function to be the germicidal action upon invading organisms, 
particularly the gonococcus, noted for its susceptibility to moderately 
high temperatures, but more recent investigations disprove this as- 
sumption. The above facts place diathermy among the standard treat- 
ments of gynecologic diseases. 

The degree of heat applied is under the direct control of the opera- 
tor, being varied by (i) size of the electrodes, (2) densities of the 
tissues treated, (3) amount of current utilized, and (4) duration of 
application. 
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and relief of pain from reduction of pressure upon nerve filaments. 
Likewise in turn, a rapid absorption of the exudate follows the in- 
creased blood flow, together with mobilization of the body’s natural 
defense resources. Since the inflamed adnexa usually prolapse into the 
culdesac of Douglas, Cherry performed a series of experiments to as- 
certain temperature rises here. With an abdominal electrode measuring 
i8 by 12.5 cm. and a vaginal electrode, the exposed surface of which 
measured 5 by 3 cm., the temperature of the culdesac was elevated to 
48® C., w’hile the vaginal temperature registered 44® C. For this treat- 
ment a special electrode (Fig. i) is made with a hole drilled near 
the surface for the exposure of the thermometer bulb to the vaginal 
tissues. Through this contrivance, by adding two degrees to the tem- 
perature registered in the vaginal tissues, he estimated the approxi- 
mate degree of heat in the adnexa and, with such a technic, treated a 
series of 100 cases with disease of the tubes or ovaries, or both. 

In spite of the fact that electrotherapists and authorities on physio- 
therapy have continually warned against using diathermy in pus-con- 
taining cavities with no outlet for drainage, it seems reasonable to 
Cherry to assume that if gonococci were the exciting factor producing 
such a condition and if a penetration of the diseased structure by a 
heat of 46® C. could be obtained, the causal agent would be destroyed, 
with incidental redaction In the inflamtnation. Such specific heat 
effects are questioned by Scheffcy and others. Improvement by this 
reduction in infection and the active hyperemia was realized in a large 
percentage of Cherry’s 100 cases. Diagnosis was made either by ob- 
taining positive smears from the urethra and cervix in most of the 
patients or, in others with negative smears, by numerous pus cells 
and a history of subacute or chronic urethritis, endocervicitis, skeni- 
tis or bartholinitis. The degrees of pelvic involvement varied from 
small, thickened, tender adne.xa to large pus tubes or tubo-ovarian 
abscesses entirely filling the pelvis. Twenty-three of the patients had 
adnexal disease without masses and 77 had adnexal disease with 
niasses. 

The results in this series of cases are so remarkable that a few 
figures are of interest. In all there was practically instant relief of 
pain. The masses disappeared entirely in 18 of the 77 and were re- 
duced in size in 14 move, a total improvement of 32, or 41.5 per cent, 
fhe complete disappearance of the inflammatory tumor seemed more 
occur where there w’as an initial attack of adnexal infection, 
"hue in the chronic ones the reduction in size and subsidence of the 
acute symptoms made the lesions practically innocuous, although re- 
fraining palpable, requiring. more prolonged diathermy. Forty-nine 
tne 77 were entirely relieved of ^rmptoms, operations being un- 
necessary or refused; the other 28 were operated on. At operation 

® ^^sses were found to be hyperemic, soft, edematous and smooth, 
c a fi adhesions vascular and thin in contradistinction to the thick- 

ned, fibrous type so frequently encountered in chronic pelvic in- 
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regulated by varying the size and shape of electrodes and their points 
of application. In this manner, therapeutic temperatures are applied to 
the urethra, vagina, cervix and even the adnexa, when they are the 
seat of salpingitis or tubo-ovarlan abscesses. The amount of heat 
tolerated by the normal tissue, without destruction or coagulation, 
probably varies between 55 and 58® C. Cherry applied diathermy 
through the abdomen of a dog, heating the bladder and rectum to 
52® C. without histopathologic changes. He also developed 55® C. in 
the human cervix for 10 minutes, without any gross tissue changes. 




Fic. I — Cherry's vaginal electrodes. Active metal surface comes in contact with 
ccr\-ical and vaginal (issues An open window connects with a canal which passes througn 
upper surface of electrode its entire length This allows introduction of thermometer, 
with bulb in contact with vaginal tissues, giving accurate measurements of heat dosage. 
A, electrode used in the treatment of cemx and adnexa. B, electrode with larger 
surface for application to urethra, utilized at same treatment for cervic and adre«. 
C, Cherry’s recently improved modeL 


It is well known that living tissue dies at 60® C., temperature also 
lethal to the gonococcus, which is vulnerable to as low a temperature 
as 42° C. for ten minutes. 

Diathermy treatment of pelvic infections causes ' hyperemia and 
quickened circulat*‘'n, with reduction in stasis in the engorged vessels 
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and relief of pain from reduction of pressure upon nerve filaments. 
Likewise in turn, a rapid absorption of the exudate follows the in- 
creased blood flow, together with mobilization of the body’s natural 
defense resources. Since the inflamed adnexa usually prolapse into the 
culdesac of Douglas, Cherry performed a series of experiments to as- 
certain temperature rises here. AVith an abdominal electrode measuring 
i8 by 12.5 cm. and a vaginal electrode, the exposed surface of which 
measured 5 by 3 cm., the temperature of the culdesac was elevated to 
48° C., while the vaginal temperature registered 44® C. For this treat- 
ment a special electrode (Fig, i) is made with a hole drilled near 
the surface for the exposure of the thermometer bulb to the vaginal 
tissues. Through this contrivance, by adding two degrees to the tem- 
perature registered in the vaginal tissues, he estimated the approxi- 
mate degree of heat in the adnexa and, with such a technic, treated a 
series of 100 cases wdth disease of the tubes or ovaries, or both. 

In spite of the fact that electrotherapisfs and authorities on physio- 
therapy have continually warned against using diathermy in pus-con- 
taining cavities with no outlet for drainage, it seems reasonable to 
Cherry to assume that if gonococci were the exciting factor producing 
such a condition and if a penetration of the diseased structure by a 
heat of 46® C. could be obtained, the causal agent would be destroyed, 
wth incidental reduction in the inflammation. Such specific heat 
effects are questioned by Schefley and others. Improvement by this 
reduction in infection and the active hyperemia was realized in a large 
percentage of Cherry’s 100 cases. Diagnosis was made either by ob- 
taining positive smears from the urethra and cervix in most of the 
patients or, in others with negative smears, by numerous pus cells 
and a history of subacute or chronic urethritis, endocervicitis, skeni- 
tis or bartholinitis. The degrees of pelvic involvement varied from 
small, thickened, tender adnexa to large pus tubes or tubo-ovarian 
abscesses entirely filling the pelvis. Twenty-three of the patients had 
adnexal disease without masses and 77 had adnexal disease with 
masses. 

The results in this series of cases are so remarkable that a few 
figures are of interest. In all there was practically instant relief of 
pain The masses disappeared entirely in 18 of the 77 and were re- 
^ced in size in 14 more, a total improvement of 32, or 41.5 per cent, 
the complete disappearance of the inflammatory tumor seemed more 
apt to occur where there was an initial attack of adnexal infection, 
^hile in the chronic ones the reduction in size and subsidence of the 
acute symptoms made the lesions practically innocuous, although re- 
palpable, requiring .more prolonged diathermy. Forty-nine 
the 77 were entirely relieved of symptoms, operations being un- 
ecessary or refused; the other 28 were operated on. At operation 
found to be hyperemic, soft, edematous and smooth 
® 2'^besions vascular and thin in contradistinction to the thick- 
ccl. fibrous type so frequently encountered in chronic pelvic in- 
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flammatory disease. Consequently, operation was greatly facilitated, 
the tumors being readily delivered with a minimum of trauma to sur- 
rounding structures. The contents had been reduced by the treatment 
to a thin, watery, straw-colored fluid instead of the usual thick, 
creamy, purulent exudate, and all cultures were negative. The lessened 
operative trauma made convalescence free from discomfort and pain, 
vomiting and distention. Only two wound infections occurred — 7.7 
per cent as against 30 per cent wound infection in a large series that 


Sur^ct Electrode 



Fio. 2 . — ^Application of Cherry's vaginal electrode "A" for ccr\ical and adnexal infection 



Fic 3 — Cherrj-’s clet * de “B" Id pbce for treatment of urethra, cervix and adnexa. 
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had no preoperative diathermy treatment. In summary, Cherry says: 
“I would venture the assertion that diathermy is probably the most 
satisfactory available agent for the conservative treatment of pelvic 
infections due to the gonococcus. It relieves pain, diminishes the pelvic 
masses and aids in complete resolution. Used as a preoperative thera- 
peutic measure, it will eliminate many of the technical difficulties in 
the removal of large pelvic masses and thereby contributes a smoother 
convalescence. Incidentally the percentage of postoperative wound in- 
fections is lessened.” Further investigation and verification of these 
results should be carried out in our larger clinics. 



Fio. 4 — Chapman electrode in place tieatins cer\nx and adnexa (Courtesy of Journal 
of Radiology ) 


There are data at present insufficient to state whether pelvic infec- 
hons other than those of gonococcal origin, such as follow parturi- 
non or abortion, will yield so readily to diathermy. The little available 
seems to point in the adverse direction. The streptococcus, 
staphylococcus or colon bacillus requires a temperature of 58 to 60° C. 
or destruction. Diathermy, through the pelvis, raises the tempera- 
ure insufficiently to have any specific effect on these bacteria and, on 
ne contrary, seems to aggravate the symptoms. The degrees of heat 
oveloped produce a suitable cultural temperature in which these 


8 Diathermy 

bacteria thrive, pelvic peritonitis and other complications following; 
the diagnosis of the organism is therefore extremely important. 

Technic of Diathermy Application in the Pelvis. — ^The pelvic 
application of diathermy is carried out in one of several ways; (i) 
Two large equal electrodes are placed one on the abdomen and one on 
the sacrum, with a consequent temperature increase midway between 
the electrodes. Inasmuch as the temperature Is to be concentrated as 
near as possible in the culdesac and around the cervix, the abdomino- 
vaginal application is more practical, (z) Several special electrodes 
have been devised for application to the cervix and the vaginal vault, 



this being the nearest approach to the prolapsed diseased adnexa m 
the culdesac (3) Another method is the abdominorectal application, 
giving less favorable results. The accompanying illustrations (Figs. 
2 to 8) show better than description the methods of applying the elec- 
trodes In the treatment of gonorrheal urethritis the Corbus electrode 
(Fig 9) IS applied through the urethra with a pad on the abdomen, 
or beneath the sac'-um 
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In the abdominovaginal or abdommo-urethral application a ther- 
mometer is contained in the active electrode, as a guide to the tem- 
perature rise. Accurate approximation of the electrodes, both on the 
surface and in the cavity treated, is important. The large pad elec- 
trode, usually consisting of block tin, is covered with green soap for 
accurate contact and held firmly on the abdomen by belt or sand bag 
— not necessary for sacral application, as then the patient lies on the 
electrode, assuring even contact with the skin. Any irregularities on 


1 j — Roblee electrode No 2 %'ilh four overlapping blades This electrode u 
placed in vagina as a hollow cylinder and then dilated to bring two blades’ forceful 
contact against the cerm and the other two against vaginal walls, the longest posterior 
Wade pressing well back Into culdesac When used with the lumbosacral or belt elec- 
node, temperatures of 109 to no* F (4278 to 4333* C) were recorded for urethra 
and tectum and 103 to 104“ F (30 44 to 40* C) for the cervie 
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bacteria thrive, pelvic peritonitis and other complications following; 
the diagnosis of the organism is therefore extremely important. 

Technic of Diathermy Application in the Pelvis. — ^The pelvic 
application of diathermy is carried out in one of several ways: (i) 
Two large equal electrodes are placed one on the abdomen and one on 
the sacrum, with a consequent temperature increase midway between 
the electrodes. Inasmuch as the temperature is to be concentrated as 
near as possible in the culdesac and around the cervix, the abdomino- 
vaginal application is more practical. ( 2 ) Several special electrodes 
have been devised for application to the cervix and the vaginal vault, 



this being the nearest approach to the prolapsed disei^d adnexa m 
the culdesac ( 3 ) Another method is the abdominorectal application, 
giving less favorable results. The accompanying illustrations (Figs. 
2 to 8) show better than description the methods of applying the elw- 
trodes In the treatment of gonorrheal urethritis the Corbus electrode 
(Fig 9) IS applied through the urethra with a pad on the abdomen, 
or beneath the sacrum 
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the temperature rises above this, the current is reduced to maintain 
the desired degree of heat. The treatment is continued for from 15 to 
30 minutes and repeated at three to five day intervals, until improve- 
ment becomes stationary. Endocervicitis, usually coexistent rvith the 
adnexal disease, receives treatment while the pelvis is diathermized. 
After the intrapelvnc disease has cleared up, any lingering chronic 
infection requires electrocoagulation, to be described in a subsequent 
paragraph. 

Diathermy for acute gonorrheal urethritis is not firmly established 
but should be mentioned because of beneficial results in certain cases. 
Treatment is by the use of the Corbus thermophore (Fig, 9), a small, 
round instrument with a tapering, metal tip an inch and a half to two 
inches in length, carrying a thermometer in its center. Application is 
directly rvithin the urethra, \vith a large inactive pad beneath the but- 
tocks. The urethral orifice is cleans^ with boric solution, and the 
sterilized thermophore inserted and held in place by a suitable clamp 
fastened to the table. Treatment is continued for from 15 to 30 min- 
utes at a temperature of 41® C. (800 to 1,000 ma of current) and re- 
peated in from three to five days until urethral discharge has sub- 
sided. The current is increased slowly, taking about eight minutes to 
reach the desired milliamperage and temperature. 

^ The destruction of infection in Skene’s glands requires a true sur- 
gical procedure but is discussed here because of its close association 
vdth gonorrheal infections of the other peKdc organs. The periurethral 
tissues are cleansed with a mild antiseptic, and 2 per cent novocaine 
injected at four points about the urethra. A needle-like electrode, car- 
rying either a fairly strong uniterminal current of rather high amper- 
age or a moderately strong biterminal current, is inserted the full 
length of the gland until a whitish, coagulated area appears about the 
needle. This insures complete destruction of the infection and the epi- 
thelial lining of the gland. Argyrol, 10 per cent, is applied to the 
nrethra about twice a week until healing occurs in two to three weeks. 

The literature contains many reports of the use of diathermy in 
the treatment of dysmenorrhea, with highly satisfactory results, the 
increased blood flow accounting for the improvement. It is also stated 
that amenorrhea, when due to hypoplasia of the endometrium, is 
greatly benefited by the dilatation of blood vessels (Theilhaber). 
tiUthmann, I. de Ruben and others vouch for the symptomatic im- 
provement in vesical affections, particularly cystitis. Here the muscu- 
spasm is relieved and painful urination or incontinence eliminated. 
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the surface cause uneven concentmUon of the current with uncom- 
fortable sparking or, in some, a bum. The electrodes are now con- 
nected to the machine and the current turned on, beginning around 
200 to 250 nta. and slowly increasing until vaginal temperature reaches 
42 or 43° C. This usually requires 1,000 (0 1,500 ma. of current. If 
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Fic %— Zfner cemcovasinat etectrod*. No t, with four blades ?!osm[; about cert’Ct, 
concentritm?; heal in centca} c^aiiaf and immediate pararnsJnufK Ritbotil maWnaJ 10.5 
in imum and urethia, giving umperatures ot lO^ to i»o“ F (4* 7* lo 43 J3 C.) m 
ceniK and uieihta and io8 to too* F (41 si to 41 78* C ) in rectum. 



Fj 6 0— Cotbus Ihennophore con$istiRg of th»B nlckrt silver sheib A, dosed at 
end tneasunne 5 nim in diameter A lard-nibber ^leW. B, measures 15 cm py j 
and alitji* > i rleP'-ion of 4 cm tor insertioa «J the cervix or urethra C, i»su«ted i«e- 
mmal provirted for atiachment o{ cable cuirtfit D, {hcmoineter 

full (Icpih ot she)) and readmes taken froro exposed portion U has been Co«na toat 
greai acrur.4C> j.. necc'wrv m fonsinictmB Ifee msirumeat *0 insure ifs proper per- 
lorm.inte ^ti> '.mail diathermy cnachine capable ot supplyinj; Son t-0 iiOOO im- 
produce heat cnooeh to appf> the UtfriMof^ore (Courtesy of Corbus sntf O’Conor, and 
Brtife Publjshmi' Cti ) 
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The first electrosurgical current was uniterminal— only one wire 
and one electrode connecting the patient with the generator. This 
“iulguration” current is of high voltage (potential) from a long spark 
gap and correspondingly low amperage (volume of current). The ef- 
fective heat penetration of such current is limited, and soon its ineffi- 
ciency for the destruction of any large amount of diseased tissue was 
realized During years of development the voltage has been reduced 
by shortening the spark gap and altering the transformer, there being, 
pari passu, a perceptible increase in amperage. Higher frequencies 
were obtained wth the shorter spark gap and still higher frequencies 
with the introduction of a multiple gap (Clark). The present-day cur- 
rents are much more pow’erful than the earlier ones, destroying readily 
to a depth of 2 or 3 mm. in a short time, longer contact coagulat- 
ing tissue to 1.5 cm. from the point of application when necessary. 
Along with this development of such powerful currents came the ad- 
vent of electrosurgical cutting, first popularized by George A. Wyeth, 
so useful in sealing capillaries and lymph vessels as the incision is 
made. 

Electrodesiccation 

Electrodesiccation, as its name implies, is the dehydration of tissues 
by the heat developed within them during the passage of a high-fre- 
quency current. William L, Clark of Philadelphia, first to employ this 
term, uses it to designate that form of tissue-destruction caused by the 
passage of a uniterminal current of high amperage and low voltage 
(short spark gap). The cells are devoid of water (dehydrated) and 
appear elongated and shriveled under the microscope, the cell outline, 
however, being still visible. These changes are most marked in the 
heat-sensitive tumor cells. 

The author studied the histologic changes effected by electrosurgical 
currents, in an effort to confirm Clark’s w’ork, and found that by 
varying the strength (amperage and voltage) and time of application, 
electrodesiccation could be obtained with either a uniterminal or bi- 
terminal current, much less time being required, however, for desicca- 
tion with the stronger biterminal current. In the literature, however, 
the term desiccation usually means the dehydration of tissues with a 
uniterminal current; that is, a current delivered to the patient through 
one electrode and one ware from the generator, the patient dissipating 
he current through the air back to its source. 

Electrocoagulation 

j ^^^‘■^’’hcoagulation was first employed by E. Doyen of Paris about 
907, who enlarged upon the fulguration of Reviere, Pozzi and de 
an I 1 ?^ "prt by changing the electrical connections to the patient 
Pen f hsing more powerful transformers. Two wires connect the 
erator to the patient, one to a large pad beneath the back or but- 
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SECTION II 

ELECTROSURGERY 

The use of high-frequency, oscillating electric currents as physical 
agents in performing any surgical operation is called “electrosurgery’ 
in contradistinction to the usual surgery wth the cold, sharp scalpel. 
Under “diathermy” a careful differentiation between it and electro- 
surgery is made. There are three electrosurgical currents, designated 
by their effects, desiccation (dehydration), coagulation and cutting. 
Electrosurgical currents are alternating in character, i e., their direc- 
tion of flow changes many times per second, and because these alter- 
nations are so numerous, usually 750,000 to 1,000,000 and at times 
3,000,000 per second, the term high frequency is used to distinguish 
the current from the low frequency commercial currents of ordinarily 
60 cycles, or 120 oscillations per second. The higher the oscillations, 
the smoother the current, with less muscular response and more effec- 
tive application. These currents are of varying voltage and amperage, 
depending upon the needs. 
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homogeneous mass. The tumor cells, being more sensitive to heat, are 
affected first, forming large masses of granular debris within a hyalin- 
ized stroma; the stroma is more resistant to heat and slowly destroyed. 
In the usual specimens the connective-tissue stroma is seen as a fused 
translucent eosin-staining matrix of hyalinized material with partially 
destroyed nuclei scattered here and there. The blood vessels contain 
clots adhering to the heat-damaged wall. Coagulation may be obtained 
by a heavy uniterminal current of high amperage and applied for a 
considerable length of time, as compared to that necessary for desicca- 
tion. Usually, however, electrocoagulation is accomplished with a bi- 
terminal current generating high destructive temperatures, the tissues 
actually boiling in their own juices. This type of destruction is used 
for large tumors, whereas desiccation is sufficient for small, benign 
and malignant ones. 


Electrosurgical Cutting 

Electrosurgical cutting currents were first experimented with by Lee 
de Forest in 1908 and later by others, but without practical applica- 
tion until the thoroughgoing studies of George A Wyeth, who has so 
aptly popularized this important surgical adjuvant. Tissues are easily 
and quickly severed by currents of higher frequency than that re- 
quired for desiccation or coagulation, for example, 1,500,000 to 
2 |Ooo,ooo oscillations or more per second. For the smoothest cutting 
the oscillations should be as nearly equal as possible, notably, those 
from radio tubes which are undamped, that is, of equally sustained 
oscillations, without rest periods between them. Currents from a 
spark-gap generator are damped; that is, the oscillations are in 
chains, each oscillation in the chain being consecutively shorter 
than the previous one until the zero line is reached with a rest period 
following, allowing the current to pile up on each side of the gap 
until sufficiently powerful to jump it, when oscillations again occur 
with similarly decreasing height. (Desiccation and coagulation cur- 
rents are usually of the damped variety.) Primary union following 
electrosurgical cutting demands less penetration than for coagulation 
or desiccation and is obtained by lower voltage and higher frequency. 
With a carefully balanced cutting current, incisions are made wth as 
little as one-tenth of a millimeter destruction of tissue at the skin edge 
(Ward, using Wyeth's endotherm, where radio tubes are source of 
current). By increasing the strength of the current, any desired 
amount of penetration from this superficial effect up to that necessary 
to stop bleeding from small vessels is obtainable, and with spark-gap 
generators on to flashing currents causing destruction to one or two 
millimeters on each side of the incision With such a current, of course, 
primary union is usually impossible, these currents being for the re- 
nioval of massive, ulcerating malignancy', where wound closure is im- 
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iocks and the other to the active, surgical electrode, whldi in his prac- 
tice was a small disk. At present, most surgeons employ either a 
needle, a flat blade with or without a sharp cutting edge, a blunt rod, 
a snrall ball, a "wire loop or other form oi small instrument, increas- 
ing the current density at the point of contact (Figs. lo, ii). Electro- 
coagulation, as its name implies, results from the actual heat coagula- 
tion of the tissue-protein, which appears under the microscope as a 





Fic le— -Assortment ct aetise eVcti’odcs* curved, flat, dinjinutJve tndc blades, con- 
vcmenl ift n&ecting tumors difficuU ot approach; vatying sires of elecUosurpa! lo^s 
(or scalloping out otherwise lnatc*ssiblc tumors; coagulalmg ball electrodes; adjustable 
handle 
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Robbins and Leabury describe the way to treat chancroids: a 25 
per cent solution of copper sulphate in distilled water is applied for a 
few minutes, after which the lesion is desiccated well beyond the dis- 
eased margin. A light antiseptic dressing is placed over the sore and 
in a few days the foul sloughing ulcer exhibits a healthy granulating 
surface. 

Pruritus viilvae, a most distressing and resistant disease, calls for a 
thorough search of the general physical condition and study of the 
blood chemistry to exclude constitutional causes. If none is found, 
electrosurgery comes to the relief of the suffering patient. The current 
strength and the method of application depend entirely upon the 
extent and depth of the disease. Superficial and less e.xtensive involve- 
ment calls for the active, point electrode carrying a uniterminal cur- 
rent to be played over the surface until white desiccation appears. 
Moderately deep-seated diseases require that the needle touch or 
slightly penetrate the skin. The duration of application may be short- 
ened when desired by using a flat, disk-like active electrode, treating 
larger areas at a time. This instrument is placed in direct contact with 
the skin until blanching occurs and then moved to an adjacent area. 
The after-care is a daily application of an antiseptic salve, such as i 
per cent yellow oxide of mercury or mercurochrome, until the desic- 
cated tissue comes away to be replaced by normal epithelium. 

In the more extensive cases, where the entire vulva and adjacent 
portions of the thigh or the perianal region are involved, more radical 
procedures are necessary. The cutting current is efficacious in excising 
the disease, with a wide margin in normal tissue, the edges being 
brought together with suture for primary union, when a fine current is 
used. Stronger currents, advisable when ulceration is present sugges- 
tive of malignancy, prevent primary union, the wounds healing by 
granulation. The skin and subcutaneous fat are so redundant that 
contracture of large wounds is not disfiguring, the edges being gradu- 
ally pulled toward each other, limiting the amount of cicatrix which 
IS always soft following electrosurgery. Occasionally after extensive 
opwations, skin graft is necessary. 

tyi/s of Bartholin’s glands call for removal of the entire wall, which 
pnor to the advent of electrosurgery meant resection, usually under a 
general anesthetic, and considerable hospitalization. Several years ago, 

. ® while treating a case of ranula, hit upon the idea of destroy- 

tn f n lining with a uniterminal current, allowing the walls 

. . ^gsther and heal by granulation. Such a splendid result was 
hnrf^^ cysts and epithelial-Iined cavities in other parts of the 
lin successfully attacked in the same way. Small Bartho- 

one^ ^ysts are treated under local anesthetic in the office; larger 
require general anesthetic and short hospitalization, 
a str be small or large, the technic is the same (Fig. 12), 

•j-he p^^.L^l^^^S/^prrent opening the cyst and evacuating the contents. 

Puhelial lining is then thoroughly destroyed by a strong desic- 
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possible anyway. The sterile^ dry coagulum, i to 2 mm. thick, pre- 
vents reimplantation or dissemination of cells. 

In electrosurgical cutting a tiny arc should be maintained between 
the electrode and the tissues; pressure obliterating this arc dissemi- 
nates the current so rapidly that cutting is slow and with much de- 
struction. A new sense has to be learned by the surgeon— that of very 
delicate application of his electrode and rapid drawing of it over or 
through the tissues. 

Application of ELEciROStmoERY 

Vulva and Vagina . — Smalt benign tumors are promptly destroyed 
by a desiccating current under local anesthesia. The method of anes- 
thesia is optional, and the needle electrode, carrying a current of 
proper strength for the size of the tumor, is first played around the 
edges to cut off any dissemination of ceils, should there be suspicion 
of early malignant change. The rest of the tumor is then dehydrated, 
curetted away with a small suitable curet and the base redesiccated 
to sufficient depth, destroying all cells which may be growing out into 
normal tissue. 

A method of indirect application is sometimes employed where the 
patient grasps a large, tubular electrode or lies on an “inactive” pad. 
The operator then touches the diseased area with a needle, the cur* 
rent passing through it and the operator, who acts as a condenser. 
Heat is developed within the lesion, where the current is concentrated 
as in the direct method, with the same destructive effect. The de- 
hydrated tissue is then curetted away as before and the current re- 
applied if indicated. 

An antiseptic solution applied wlh a small cotton applicator insures 
against subsequent infection of this now sterile scab. I prefer Scott's 
mercurochrome,* Bohiman's gentian t or 7 per cent iodine. 

For small lesions no dressing is necessary. Larger or multiple ones 
requite the usual surgical-wound care during the healing period, which 
lasts from ten days to three weeks, depending upon the extent. 

Sinclair Tousey describes painless removal of small skin tumors 
without anesthesia. Pedunculated ones are clamped at the base and 
the active electrode applied to the distal portion, the current (uni- 
terminal or biterminal) only traversing the insensitive growth. If the 
growth is flat, a curved pair of forceps (Tousey-Baffle) is so placed 
that the tumor rests between its jaws, the active electrode then being 
applied to the center. With a biterminal current, the forceps completes 
the circuit through the operator, who is, in turn, connected to the 
machine; if the current is umterminal the forceps is grounded through 
the operator. 

• ScQlt’s mercurothrome ratrcurochtome, a Gm.; dislUted water, 35 cc , alcohol, 
55 cc ; acetone, jo cc 

t Bohiman’s gentian gentian viokt, a Gm ; dislilicd water, 35 cc.‘, OS^ alcohol, 
55 cc , acetone, lo cc 
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dated with rapid healing where tissues are loose and freely movable. 
A thorough application of radium should be given first, then under 
general anesthesia the involved area removed with a wdde margin of 
safety, using the strongest cutting current, and the base of the wound 
resterilized by coagulating to a depth of two or three millimeters, 
eradicating all outgrowing cells and those spilled during the operation. 
The coagulum is now painted with an antiseptic solution, such as 
previously mentioned, and the wound kept well protected with the 
proper dressings. The sterile coagulum comes away in from one to two 
weeks, allowing the development of rapidly groiying granulations for 
epithelialization. By combining these two therapeutic agents, complete 
eradication of the disease is more certain, and, in addition, electro- 
surgical removal counteracts the sclerosing action of the radium on the 
vessels, permitting more rapid healing or earlier plastic repair and 
softer scars. 

Urethra. — Electrosurgery furnishes a quick, sure method of re- 
moval of the most painful urethral condition — caruncle. Except in 
highly nervous patients the operation is performed under local anes- 
thesia in the office. A one or two per cent procaine solution injected 
on all sides blocks the urethra. The smaller caruncles are simply desic- 
cated down to the urethral wall and allowed to slough away; larger 
ones are grasped with forceps and carefully resected xsith a fine cut- 
ting current. Frequently, redundant urethral mucosa, likewise eradi- 
cated by electrosurgery, is mistaken for caruncle. The redundant 
mucosa is dissected away under local anesthesia, or desiccated back to 
normal tissue. Corbus and O'Conor describe a method of utilizing a 
narrow, flat electrode, placed consecutively in four radial positions, 
destroying a small area of mucous membrane in each of the four 
quadrants of the urethral orifice. As healing and shrinking take place 
the redundant mucosa is drawn into normal position. 

Vrcthral polyps, usually small, are readily removed under local 
anpthesia with a desiccating current, thoroughly dehydrating the 
polyp which sloughs away in a few days. Should the polyp be large or 
malignant, its base can be cut through with a cutting current, remov- 
the tumor cn masse, and then the base coagulated. 

Following all of these urethral operations, healing takes place in 
trom ten days to two W’eeks, the patient experiencing very little pain 
wcept in the exceptional case. Local application of procaine or cocaine 
ointment w’ill relieve all pain. Usually, however, postoperative treat- 
^ont IS limited to ordinary cleansing measures. 

Cervix . — Chrome cndocervicitis is the most common disease which 
onfronls the gynecologist. It is now recognized that the usual medical 
^ chemical antiseptics, tampons, etc., is only palliative, e.x- 
^pt where the infection is superficial and has not penetrated to the 
^0 of the glands. To cure the infection which over a long period of 
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eating or coagulating current, as the occasion demands, usually ap- 
plied on a blunt or ball electrode, complete and accurate penetration 
into every nook and crevice of the collapsed wall being imperative. 
The cavity is then painted with Bohiman's gentian, packed wth iodo- 
form gauze and dry dressings applied. Daily application of the gentian 
and iodoform gauze is continued until the slough separates, the gentian 
then being discontinued, allowing healthy granulations to fill in and 
close the defect. 



Fic 12 — Eketrosurgical inciston of Bartholin^ gland cyst Insert — Coagulation of 
epithelial lining 

In treating accessible malignancy such excellent results are obtained 
by radium therapy that it must always be considered. Many malignant 
tumors of the vulva and vagina are completely eradicated in the 
earlier stages by the thorough application of radium. (See Sect. HI.) 
It is especially desirable in the treatment of vaginal malignancy, where 
exceptional improvement occurs, surgical resection even with high-fre- 
quency currents being technically difficult and fraught with marked 
distortion. Electrosurgical resection of tumors of the vulva is asso- 
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heals in another two or three weeks, during which time inspection 
should be made once or twice and also within the next month or two 
to watch for any possible constriction of the canal. Should any adhe- 
sions begin to develop, they are readily broken up by the insertion of 
a small instrument or a cotton applicator. 

Mortimer N. Hyams describes a clever method of “conization of 
the cervix” for destruction and removal of infected cervical tissue. 
After inserting the customary vaginal speculum with the patient in the 
dorsal position, and cleaning out any residual leukorrhea, the cervical 
canal is anesthetized by placing a small crystal of cocaine in it. An 
applicator saturated with 85 per cent cocaine solution is introduced 
and allowed to remain for five minutes, and an inactive, wet metal 
electrode strapped on the abdomen, the patient being directed to make 


a. ~1 



Porcelain tips with various sizes of wire arcs 
\ )• Loop for temoMng bits of infected tissue high up in canal 


rm compression on the pad with hands, assuring accurate contact 
and distracting her attention from the operator. The active electrode 
13) is a fine tungsten wire stretched over a silicon tube one 
and one-half inches long and properly attached at each end for the 
conduction of the current. The silicon tube and tungsten wire are held 
in a long suitable handle having a swivel joint for attachment of the 
cord from the generator. The tungsten wire describes an arc of about 
nne-eighth inch at its widest portion, conforming to the normal con- 
our of the cervical canal, which is fusiform, or spindle shaped. Sev- 
ern sizes of electrodes are available with varying widths of the arc, as 
e as others for biopsy and destruction in difficult angles of the 
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time has burrowed deeply into the racemose glands,, forming large 
cysts full of pus, and has extended high up to the internal os, no 
method of treatment short of some form of surgery is sufficient to 
eradicate thoroughly the disease in its deepest hiding places. Various 
scalpel operations have been devised which leave the cervix free ol 
disease, bat subsequent /abacs arc compi/cated by the reduced cervix 
follomng amputation, allowing miscarriages, or by the dense scar tissue 
following other procedures, making labor prolonged and difficult. Thor- 
ough destruction of the infected tissue, with either the actual cautery 
or electrosurgical current, clears the condition and leaves a soft, pli- 
able, normal-appearing cervix. Occasionally a thin diaphragm ob- 
structs the canal, requiring a dilatation in the office on one or two 
subsequent occasions. 

Less extensive involvement can be taken care of satisfactorily in the 
office, particularly if the patients are cooperative and wll stand the 
moderate discomfort. The inactive pad is strapped to the thigh or 
placed beneath the buttocks, and the vagina and cervix are painted 
with a local anesthetic, preferably 20 per cent procaine, as it is safe 
from sequelae; wth a nervous patient, a short nitrous oxide anesthesia 
is given. In all cautery or electrosurgical operations on the cervix, _ it 
is well to protect the mucosa and vulva with gauze saturated wi^ 
boric acid or normal salt solution, thus preventing the steam or acid 
smoke, in the case of cautery, from irritating the tissues. A long, thin, 
preferably needle-like or slightly flattened, electrode is inserted into 
the canal up to the internal os, and the biterminal coagulation current 
turned on, destroying the tissues for two or three millimeters on all 
sides; deeper destruction is obtained by longer exposures. Radial 
applications are made and nabothian cysts punctured, evacuated and 
sterilized. 

In dealing >vith extensive infection the technic is similar, only 
carried deeper into the tissues, requiring anesthesia and hospitaliza- 
tion. The coagulated tissue comes away gradually, and usually the 
cervix is quite clean and granulating at the end of two weeks. It goes 
without saying that this coagulum, although sterilized by the current, 
will in a short time contain large numbers of bacteria. It is important 
to keep down this secondary overgrowth and thus control the amount 
and odor of the leukorrhea by topical application of an antiseptic 
solution, such as Scott’s raercurochrome or Bohlman’s gentian, two or 
three times a week, together with alkaline or saline douches on alter- 
nate days. 

Electrocoagulation is more rapid and deeper than cauterization wi^ 
the actual hot cautery, necessitating care against too much slough, 
a possible source of secondary hemorrhage. When I first began tb!S 
work I witnessed two or three such hemorrhages due apparently to 
deep sloughing, but by carefully controlling the current this compli- 
cation has been overcome. 

After the sloughing is complete, in one to two weeks, the cervix 
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short-circuiting through the vaginal mucosa or voilva. The snare is 
snugly placed about the pedicle and gradually tightened through it as 
a strong cutting current is applied to the handle, sealing blood vessels 
and lymphatics as the polyp drops off. The base may then be more 
deeply coagulated if necessary by reapplying the current through a 
long straight or curved electrode. 

Robert Fowler has described a unique method of an indirect snare 
with the patient on an autocondensation pad attached to the uni- 
terminal Oudin circuit of the electrosurgical generator; a snare is 
placed about the pedicle in the usual manner, the current passing 
through the operator, who acts as a condenser. 

Submucous myomas which have descended through the cervical 
canal are readily attacked with an electrosurgjcal snare as just de- 
scribed. Should the pedicle be long, a strong cutting current is required 
on a cutting edge or narrow flat electrode to dissect into the uterine 
cavity, removing any lingering pieces. Not infrequently, submucous 
myornas do not present at the external os, being found on routine 
etamination of the uterine cavity. Kelly has had several experiences of 
splitting the anterior lip of the cervix with a cutting current and resect- 
ing these otherwise unapproachable tumors. Electrosurgery greatly re- 
duces the amount of hemorrhage when these tumors because of their 
size require piecemeal removal. 

The differential diagnosis of cervical ulcers, a constant and im- 
portant problem, is greatly simplified by biopsy, now available as an 
office procedure, placing at the disposal of every gynecologist the 
early diagnosis of cancer. It is a simple routine to take out a piece of 
suspicious tissue for microscopic examination, with a wire loop in a 
suitable handle as an active electrode carrying a strong cutting current. 
The edges of the specimen will be coagulated to a limited degree, the 
center furnishing enough unaltered tissue for adequate study. Any 
large vessel which may bleed is easily controlled by the application of 
the coagulating current on a blunt electrode. 

Electrosurgical treatment of carcinoma of the cervix is only an 
adjuvant to irradiation and should never be relied upon as the only 
method of destruction of malignancy in this area. Radium is now well 
recognized as the method par excellence for the treatment of malig- 
nancy of the cervix. (See Section III.) However, electrosurgery acts 
as an aid in the removal of excessive growth, permitting the radium 
application to outlying posts of the grow-th’s advancement. In spite of 
recent extensive public education regarding cancer, we are constantly 
confronted with patients in advanced stages of the disease with com- 
P ^ destruction of the cervix, or with a great cauliflower mass filling 
ne vagina. Here the cauliflower growth is removed with an electro- 
surgical loop or snare, or the cervix amputated flush \vith the vaginal 
'ault. This is by no means a routine measure, as the smaller lesions 
3re readily treated by irradiation alone. 
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canal. A proper cutting current with sufficient coagulation to control 
bleeding is necessary. 

The active electrode is inserted into the canal and the current turned 
on. As the wire cuts through the tissue the electrode is rotated 
throughout an axis of 360 degrees, cutting out a cone of cervical 
mucosa and opening all infected glands for drainage. If necessary 
the instrument may be reintroduced, removing all diseased tissue. 
Any bleeding from large vessels is easily controlled by applying the 
coagulation current on a blunt electrode. Infected nabothian cysts 
present beyond the area removed are punctured with a needle carry- 
ing a coagulating current. This wells out the contents, sterilizing the 
cavity and eradicating the infection. 

A gray slough will be found filling the cervical canal about the end 
of the fourth day, and on the seventh day the canal is much smaller 
and granulating nicely. Between the second and third weeks the cervix 
is almost normal with several small, unhealed areas here and there. 
At the end of the fourth week healing is usually complete. Hyams 
advised against vaginal douches as unnecessary because of the small 
amount of sloughing and consequent leukorrheal discharge. He claims 
that conization is especially convenient for the treatment of ambula- 
tory patients, relieving symptoms by the removal of the infected 
mucous membrane and opening of the glands, thereby facilitating 
drainage and reducing congestion deeper in the cervix. Since no 
muscular tissue is removed, the cervix remains functionally norra^ 
and subsequent parturition is unhampered. Diseased tissue is removed 
to any desired depth by repeating the procedure as often as advisable. 

Electrosurgery is the method par excelleitce for removing papillomas 
of the cervix and pedunculated fibroids presenting at the os.^ Usually 
papillomas are sufficiently large to require a general anesthetic; occa- 
sionally small ones can be removed in the office either by electro- 
desiccation or electrocoagulation, or by cutting the pedicle with an 
electrosurgical current. For the larger ones the usual preparations are 
required as for any other vaginal or cervical operations. After adequate 
exposure, traction is made on the polyp and the pedicle then severed 
with a strong cutting current and its base coagulated, destro3dng any 
possible lingering cells, assuring against recurrence. Should the pedicle 
originate high in the canal or uterine cavity, the cervix is split ante- 
riorly (Kelly), using a fine cutting current, a strong one preventing 
primary union after closing the incision. With the canal laid widely 
open, the pedicle is outlined and cut across with a stronger current. 

Another unique method of attacking cervical polyps is with an 
electrosurgical snare, first described by William L. Clark for the 
removal of bladder tumors through a suprapubic incision. Since then 
it has been employed for pedunculated tumors in almost every accessi- 
ble part of the body. An ordinary tonsil snare is satisfactory, although 
special instruments have been devised embracing the same general 
principles. The shank is insulated with rubber tubing, preventing 
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sarcoma of the uterus, located in the left broad ligament, displacing 
the uterus to the right and elongating the uterine cavity to twenty 
centimeters and bulging into the va^na, causing profuse and alarming 
hemorrhage. Thinking the tumor a myoma, preparations were made 
for vaginal removal. Incision in the vaginal vault exposed a highly 
vascular, soft, pliable and encapsulated sarcoma, from which hemor- 
rhage was so brisk that operation had to be abandoned with the 
patient in a collapsed stage, but not before the mass had been exca- 
vated by a combination of electric scalloping and morecellement. This 
then permitted application of radium up into the tumor, otherwise 
.impossible. 
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Intramural and subscrous fibroids are also removed with a strong 
electrosurgical cutting current through an abdominal incision, bleed- 
ing being distinctly lessened, reducing the shock. In this manner 
operations for the removal of large myomas, otherwise impossible, save 
the uterus for normal function and often for subsequent pregnancy. 

Extensive transabdominal pelvic operations have been performed 
with the electrosurgical cutting current with the advantage of sealing 
over capillaries and lymphatics. Seven or eight years ago, when 
Howard A. Kelly first took up electrosurgery, it was my privilege to 
be his assistant at most operations. At that time he used a cutting 
current for practically every form of pelvic operation, hysterectomies, 
panhysterectomies, myomectomies, salpingectomies and oophorectom- 
ies, this extensive application being made in an effort to determine the 
value of the cutting current as an operating instrument in addition to 
its prior claim in the treatment of malignancy. It is fair to say that 
this is a safe and efficient method for these operations, but its advan- 
tages are limited. The small vessels in the broad ligament and ovarian 
regions can be clamped and coagulated with safety, but the larger 
ones, particularly the uterine and ovarian, must be ligated as usual. 
It is a safe rule always to ligate any large vessel in the pelvis or 
abdomen when possible rather than rely upon coagulation alone. The 
cutting current in itself is particularly advantageous in dissecting 
densely adherent areas. How frequently tubes, ovaries, myomas, etc., 
found attached to loops of bowel or other organs in the pelvis offer 
tedious and bloody problems for scalpel surgery, with severe shock 
to the patient. In such, a carefully regulated cutting current readily 
severs the adherent organs with so little bleeding that at times there 
results a practically dry incision. Loops of bowel are thus quickly 
and easily dissected with less danger from the reformation of adhesions 
because of the protective coagulum remaining a few days before 
absorption. 

Densely adherent ovarian cysts, benign or malignant and considered 
inoperable with the scalpel, are extricated by the current with great 
facility, in most cases the entire cyst wall being dissected away. Where 
this is impossible, the actively growing cj^t wall is sliced off by the 
current, leaving the harmless outer portion attached to the intestine 
or abdominal wall to be absorbed later. Occasionally, with malignant 
cysts, where even this procedure is impossible on account of extensive 
erosions of the adherent viscera, the lingering portions are exploded 
out of existence by a strong coagulating current, leaving a perfectly 
sterile dry field. 

Robert Fowler reports successful electrosurgical vaginal hyster- 
ectomies and a cesarean section, mentioning the only serious complica- 
tion followng electrosurgical abdominal hysterectomies of which I am 
aware, although I have never seen it. His patient died of embolus, 
attributed to some electrical injury to a large pelvic vessel. He also 
describes a new way of approaching a huge, otherwise inoperable 
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mind at all times, particularly when a malignant cervix treated' and 
healed by irradiation begins to ulcerate in a few' months or even in 
two or three years. Biopsy readily distinguishes between a delayed 
radium “burn” and recurrent malignancy and is a diagnostic require- 
ment before subsequent radiation is carried out. 

So important is this that I cite a case: A white woman, Mrs. 
N. B, M., age forty-eight, had an abdominal panhysterectomy in June, 
jg29, followed by a prophylactic radium treatment. The patient was 
in excellent health until December, 1929, when on routine reexamina- 
tion a small ulceration was noted in the vaginal vault. Another radium 
treatment was given without biopsy, and she continued well until 
three weeks before being referred to me in March, 1930. Within these 
three weeks a foul, watery vaginal discharge developed, associated with 
marked vesicle and rectal irritation, pain and bleeding. On examina- 
tion the whole vagina, which was rather small, was seen covered with 
typical grayish-white radium slough. Cystoscopic examination revealed 
a large, reddened and irritated area on the trigone opposite the treat- 
ment site. Proctoscopy demonstrated a more marked reaction in the 
rectum at the level of the old cervix. A long period of severe pain 
and reaction followed, and subsequently a large rectovaginal fistula 
occurred which has only partially healed. The bladder is still a source 
of great distress, with repeated accumulation of urinary calculi over 
the sloughing ulcer, although there is no evidence of recurrence of the 
growth. It would appear that this stormy convalescence could have 
been avoided by biopsy of the recurrent ulcer, determining the need 
or lack of need of the last irradiation. Over-irradiation is easily possi- 
ble in the thin-walled vagina, especially after removal of the cervix, 
'vhich acts as a filter when present. 

Deep x-ray or heavy radium-pack treatments used for transpelvic 
irradiation are associated with a mild skin erythema beginning about 
a week after application and lasting a variable period, blondes being 
more sensitive than brunettes. This erythema gradually fades in the 
course of two or three weeks, and (he skin takes on a bronzed appear- 
ance not unlike a sun or ultraviolet tan which remains for many months 
without discomfort. 

There are two biologic changes following intra-uterine irradiation: 
U) endometrial and (2) ovarian. Cloudy swelling and erythema, 
infiltration of leukocytes and phagocytes, fibroblastic organization, 
obliterating endarteritis and scarring — all occur in the endometrium 
and underlying muscles of the uterus. The obliterating endarteritis 
founts for the reduction in bleeding and partly for the amenorrhea, 
here may be some specific effect upon the uterine musculature, large 
^oadily disappearing and the uterus returning to normal. 

. ovary presents a variety of structures, all of which are sensitive 
a* degrees to irradiation with -x-ray or radium. The ova 

oa epithelial follicles are more sensitive than the stroma. The sensi- 
*'ity of the follicles themselves depends upon their stage of develop- 
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SECTION III 

IRRADIATION THERAPY 


Physics 

As a detailed discussion of the physics of irradiation therapy is 
given elsewhere (see Desjardins and Burnam, Vol. HI), attention 
here is focused upon the application of these therapeutic agents in 
gynecology. 

Biophysics 

Reference should be made to these chapters (see Desjardins and 
Burnam, Vol. Ill) for study of the biophysical reactions of irradia- 
tion therapy, although it is important to rehearse some of the changes 
noted in treating gynecologic diseases. ^ ^ ^ i. • i 

As the gamma rays of radium or x-ray enter living tissues, chemical 
processes are started which do not appear immediately but are evi- 
denced later by marked local changes in the diseased areas. The n«t 
noticeable alteration is an erythema resulting from dilatation ® 
blood vessels. In ulcerative growths, say of the cervix, this erythema 
may appear in two or three days and remain a varying length of time 
until the cervix is healed or until there is sufficient accumulation o 
fibrinous exudate on the surface to cover the underlying redness. 
Microscopically a cloudy swelling of the cells is seen within y* 
four to forty-eight hours, the cytoplasm being distended and paie, 
the nuclei swollen and pyknotic, and in three^ or four d^ys . 

cell is undergoing rapid degeneration. The capillaries and blood 
are enlarged and distended with blood, plasma has filtered ou m 
the surrounding tissues, and leukocytes and phagocytes are abundant 
in the perivascular structures. As the injured cells degenerate, 
phagocytes commence their work of clearing away the debris, in 
second and third weeks, fibroblasts and new blood vessels ^ ’ 
organizing the tissue and producing a fibroblastic structure tha 
comes so very dense as to be characteristic of irradiation cica n • 
This same fibrosis involves the vessel walls, so that those which w 
once dilated and engorged with blood immediately following the re 
ment gradually return at first to normal size, their lumina then co 
tinuing to become slowly and steadily closed by an obliterating 
teritis. This process does not always cease with the scarring, but y 
progress, depending upon the amount of treatment, to 
obliteration of most of the vessels, with markedly reduced . 

ment and subsequent breaking-down and ulceration^ at a period 5®^ 
from the time of application. Tbb is not common in gynecologic 
ditions unless heavy treatments are given, and then is mo^ comm y 
seen in the thin-walled vagina. This possibility should be born 
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mind at all times, particularly when a malignant cervix treated' and 
healed by irradiation begins to ulcerate in a few months or even in 
two or three years. Biopsy readily distinguishes between a delayed 
radium “burn” and recurrent malignancy and is a diagnostic require- 
ment before subsequent radiation is carried out. 

So important is this that I cite a case: A white woman, Mrs. 
N. B. M., age forty-eight, had an abdominal panhysterectomy in June, 
1929, followed by a prophylactic radium treatment. The patient was 
in excellent health until December, 1929, when on routine reexamina- 
tion a small ulceration was noted in the vaginal vault. Another radium 
treatment was given without biopsy, and she continued well until 
three weeks before being referred to me in ISIarch, 1930. Within these 
three weeks a foul, watery vaginal discharge developed, associated with 
marked vesicle and rectal irritation, pain and bleeding. On examina- 
tion the whole vagina, which was rather small, was seen covered with 
typical grayish-white radium slough. Cystoscopic examination revealed 
a large, reddened and irritated area on the trigone opposite the treat- 
ment site. Proctoscopy demonstrated a more marked reaction in the 
rectum at the level of the old cervix. A long period of severe pain 
and reaction followed, and subsequently a large rectovaginal fistula 
occurred which has only partially healed. The bladder is still a source 
of great distress, with repeated accumulation of urinary calculi over 
the sloughing ulcer, although there is no evidence of recurrence of the 
powth. It would appear that this stormy convalescence could have 
been avoided by biopsy of the recurrent ulcer, determining the need 
or lack of need of the last irradiation. Over-irradiation is easily possi- 
ble in the thin-walled vagina, especially after removal of the cervix, 
which acts as a filter when present. 

Deep x-ray or heavy radium-pack treatments used for transpelvic 
irradiation are associated with a mild skin erythema beginning about 
a week after application and lasting a variable period, blondes being 
more sensitive than brunettes. This erythema gradually fades in the 
eourse of two or three weeks, and the skin takes on a bronzed appear- 
ance not unlike a sun or ultraviolet tan which remains for many months 
Without discomfort. 

There are two biologic changes following intra-uterine irradiation: 
fii ^^^o*^®trial and (2) ovarian Cloudy swelling and erythema, 
infiltration of leukocytes and phagocytes, fibroblastic organization, 
'i fiterating endarteritis and scarring — all occur in the endometrium 
underlying muscles of the uterus. The obliterating endarteritis 
founts for the reduction in bleeding and partly for the amenorrhea. 

be some specific effect upon the uterine musculature, large 
jmas readily disappearing and the uterus returning to normal, 
ifie ovary presents a variety of structures, all of which are sensitive 
Proportionate degrees to irradiation with x-ray or radium. The ova 
. op'thelial follicles are more sensitive than the stroma. The sensi- 
• > of the follicles themselves depends upon their stage of develop- 
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menf, the mature ones showing most marked changes. The number 
and degree of follicles destroyed vary with the dose, and the steps in 
their reaction to the irradiation arc comparable to spontaneous, physio- 
logic atresia. With the death of the follicles, sterility naturally occurs 
and may or may not be permanent according to the severity of the 
treatment. The interstitial cells are not directly influenced by irradia- 
tion but gradually and slowly disappear, probably due to the destruc- 
tion and eradication of the follicles, preventing the interstitial cells 
from being renewed. 

Radiation SiCKNtss 

Radiation sickness is a term describing certain symptoms arising 
as a sequel to radium or x-ray treatments. In gynecology this most 
commonly follow's deep-therapy treatments wth x-ray or radium 
packs, to a lesser degree after intra-ulerine and cervical irradiation, 
more marked when such treatments are given under general anesthesia, 
which causes part of the symptoms. 

The symptoms vary In intensity, depending upon the amount and 
duration of treatment and sensitivity of the patient, passing off in a 
few hours or lasting a day or more. Usually there is only anorexia 
and nausea, in others nausea and vomiting which, in severe reactions, 
may continue for twenty-four or forty-eight hours and occasionally 
hnger. 

These symptoms are more pronounced when irradiating the abdo- 
men, particularly the stomach and liver, although they have been 
known to occur following intensive irradiation of other parts of the 
body, the generally accepted view of the cause being that certain 
toxic products of cellular destruction are liberated into the blood 
stream and act as poisons. Irradiation of the intestines, containing 
a large amount of semidigested or residual organic matter, naturally 
gives more marked symptoms because of the larger quantity of toxic 
products liberated in the bowel and later absorbed into the blood 
stream. 

Treatment of this uncomfortable complication is at best unsatis- 
factory, as no specific is available. The preparation of the patient be- 
fore irradiation is an important aid in limiting the symptoms. The 
bowels are thoroughly cleared of fecal matter, a source of secondary 
radiations, ivith either a laxative the night before, or an enema the 
morning of, the treatment. Fasting for several hours is also of benefit 
in lessening the nausea. Elimination of foods for several hours after- 
ward usually reduces the amount of vomiting, although most patients 
do not want food for some hours or perhaps a day if the symptoms 
are at all marked. A most important factor contributing to irradiation 
sickness is the overcrowding of treatment; long, heavy, deep-therapy 
treatments through the pelvis, whether with radium or x-ray, tend to 
cause more sickness than broken doses alloiving the patient to reimt 
from one treatment before another is administered. Drugs giving the 
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most benefit are rather simple remedies: Alkalinization vrith bicar- 
bonate of soda or other medicaments during the day prior to the treat- 
ment may be of benefit; citrous fruit juices and crushed ice some- 
times relieve the nausea. Fifteen or twenty drops of compound tincture 
of cardamom and fifteen or twenty drops of compound tincture of 
hyoscj'amus with twenty grains of bicarbonate of soda, given three 
times a day, often allay the vomiting. Fortunately, irradiation sick- 
ness gradually passes away and rarely causes any serious complica- 
tions, although frequently distressing to the patient. 

Artificial Men'opause 

Cessation of the menstrual c>'cle following irradiation of the pelvic 
organs is a common and often desired sequela, permanent or tem- 
porary, according to the strength and type of treatment. It is always 
permanent following irradiation of carcinoma of the ceT\ix and body 
of the uterus. Irradiation for benign bleeding, particularly in young 
people (under thirty-five), can be so carefully regulated that the 
artificial amenorrhea can be made to vaiy from sis months to two 
years. This is not uncommon even with large fibroids, for, as the 
tumors disappear and the uterus returns to normal, the ovaries again 
begin to function and the menstrual eyrie returns. An interesting case 
has been reported by Curtis F. Burnam (personal communication) 
of a woman who married rather late in life, then was irradiated for 
fibroid with cessation of the menstrual periods for about a year. 
Following this, she became pregnant and gave birth to a perfectly 
normal child. 

Transpelvic irradiation with high-powered x-ray or radium packs in 
proper doses causes artificial menopause. Mild irradiation (one-third 
to two-thirds sterilizing dose), particularly in women under twenty- 
nye or thirty, will sometimes control an abnormal menstrual flow 
without complete cessation, the ovarian functions apparently being only 
partially influenced. If the full amount of transpehde irradiation per- 
mitted by the skin (erj’thema dose) is given, the menstrual cycles 
are almost certain to be completely checked, particularly in women 
O'er forty, variations within certain limits proving the rule. 

Irradiation Technic 

Complete discussion of the technical problems of irradiation treat- 
ment may be found in Volume III (Desjardins and Burnam), but it is 
mportant to describe briefly the technic as applied to gynecologic 
disease as each is discussed.' 

in j radium treatments by the pack method are administered 

technic employed an open pack of felt, balsa 
ft ^ light substance to maintain the exact distance between 

radium and the skin. On the top of this pack was a small metal 
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box, usually i or 2 mm. of lead, in which the radium or radon tubes, 
as the case might be, were held. The use of platinum-filtered tubes 
necessitates another filter of aluminum foil to filter out the secondary 
platinum rays, and amctal rubber for the secondary aluminum rays, 
the rubber not being so important with large packs of considerable 
thickness of felt or wood through which the rays travel. 

The newer method utilizes a large lead cylinder or bomb carrying 
the radium in such a manner that the rays reach the patient through 
an opening on one side or one end, the scattered rays being absorbed 
by the lead wall of the container. So far as I am able to ascertain, this 



Fig 14.— Diagram of the principle of plain lead filters as compaird with Ward 
cylinder Lettenng in all diagrams is as follows* (r) box containing radium emanation; 
(1) lead filter with portal (0); (p) skin of patient, (s) rays A, lead filter (1) ne\t 
to radium. B, lead filter (1) midway between radium and patient C, lead filter ne^t 
skin. D illustrates rays absorbed by cylinder walls, only those destined to reach lesion 
being unobstructed; (!') represents one inch of lead in cover of radium earner (r) 
affording protection of nurse’s hand dunng insertion or removal from cylinder E, longi- 
tudinal sectional view of cylinder conlainmg radium earner, the latter being equipped 
with handle faalitating manipulation The length of the handle and carrier together 
corresponds to length of cylinder A scale is so ananged on handle that as earner is 
moved in cylinder the number of inches read at distal end indicates distance of filtration. 

type of apparatus was first used by Stenstrom at the State Cancer 
Hospital in Buffalo. He arranged a mechanical device to rotate the 
charge of radium tubes of unequal strength within the cylinder in 
order to make the beam of rays that reached the patient as nearly uni- 
form as possible. The author, independently of Stenstrom’s work, de- 
signed a lead cylinder (Figs. 14 and 16-19) with a two-inch aperture 
and a lead wall of one-inch thickness. This apparatus was put into use 
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at the Howard A. "Kehy Hospital in the early part oi 1923. This 
cylinder weighs twenty-five pounds and is carried by a car running 
on a crane travelling on an overhead track (Fig. 15). Patients are 
placed on the Burnam treatment table (Fig. 20) \vith lead protection 
beneath, preventing irradiation of any patient or hospital workers in 
the room below. A few years ago the Memorial Hospital in New York 
City made a much larger radium bomb to carry permanently several 
grams of element. Such apparatus assures accurate application without 
injury to the’surrounding parts and without unnecessary general body 
irradiation from the scattered rays which occur with the open package. 



Fic t6 — A, “square cylinder.” The advantage here is that in treating adjacent areas 
square portals leave no portion o( tumors unradiated’ (t) holes for thumbscrews 
which hold cylinder in suspension apparatus. B, a cylinder with proximal end cut to &t 
curved surface of skull, used in treating an inoperable brain tumor from angles 
without overlapping. C, aluminum filter cap curved to fit cylinder B. D, set of 
ment rings shown in car to carry them lunning on track of portable suspension table 
shown in Fig. 19; (r) lead rings; (f) flanges to fit tracks; (j) thumbscrew which tightens 
against track and serves as brake on the car; (k) thumbscrew adjusting angle of at 
and rings with skin. E, 2>inch cylinder with adjusting apparatus as used with portable 
suspension table shown in Fig 19. In figure a longer cj’hnder (b) with a i*inch portal 
projects from 3 -inch portal of larger and shorter cylinder, and is used in treating glands 
and smaller tumors; (a) wall of a-inch cylinder made of i inch of lead, (c) 
brass reenforcing lead; (f and f> thumbscrews for adiusting cylinder to any angle with 
the skin; (0) car for portable suspension table seen in Fig. *9; (d and cl wmg nuts 
for adjusting height of cylinder 


In gynecologic procedures such instruments are especially valuable, 
particularly in treating diseases of the vulva, where the thighs must 
be carefully protected against scattered radiation when the pack is 
placed between them. Cross firing upon a tumor is possible without 
overlapping on the skin, otherwise often a source of severe superficial 
bums. This cross firing through several portals around the pelvis 
multiplies the number of rays actually reaching the disease in direct 
proportion to the number of exposures. 




Intratumoral application of radon or radium element is of great 
therapeutic value in gynecology. Tumors of the vulva, large massive 
cervical grovrths and broad-ligament extensions are oftentimes treated 
by the implantation of platinum-filtered radon seeds (see Burnam, 


„ *7 — A, radium carrier for two-inch c>lmder, B, for one inch cylinder; C, 

square cylinder;” (1) one inch of lead in cover of carrier (in square earner C it is 
Vi inch in thickness) ; (r) radium conuincr of hard rubber reenforced with brass 
(no brass on bottom so that filtration is only through a thin layer of rubber) , (s) brass 
stubs So arranged that movements of crossbar of handle upward force them acainst 
the inner wall of cylinder, thus firing carrier at desired point In C, spring of handle 
se^es to force stubs against cylinder wall, (i) scale m inches indicating distance of 
radium from mouth of cylinder; D. aluminum filler cap for two-inch cylinder. This 
mps easily over provimal end of cylinder and is beld in place by brass springs (b) al 


t>Den • V ® radium carriers for one-inch and two-inch cylinders respectively, 

«}uarf'*f^i 'j (0 for radium tubes; (s, I and r) as in Figure 17 ; A, carrier lor 

tube Th *”°**^' show plain brass box (r) without separate holes for each 

ims u used when radium tubes vary in sue. 
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F«J. : 9 .— Portable suspension bl^fixed at*any dwrtd height 

which pass bolts from ad)u8lable top (b) U pivoted at (q)» 

by lighWwR thumbscrew (p) ; <t) track; <b be taken o5 or p«l 

end (m) being movable so that by brake for car; (o) thumb- 

<u) thumbscrew for tightening movaWe «'”*«**”'*'* 
screw removed. Other lettering as >rv D and B, F*g *4- 



Fio. so— A. Bumam treatment table (a) Tra^ of ’^ 80^*0 crank, 

crane with arrow jndicatins center, (c) hpdte for iao«ng » > ^ ^ p^, mat- 

rope and pulley respectively, used for movmg ct^e. (1 and uMo^r^ ^ ^ 

tresses respectively, separated to show f’utre- \t) tracks on crane for 

car (k) carr>>ng om-inch lead block <h) t8-inch square, i. ; 
ar (k) , (c, e and a) js m A 
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Vol. Ill) or radium element needles made out of an alloy of platinum 
and iridium. 

Flat vulval or vaginal growths are best treated by plaques fitted to 
the size and shape, wth protection of the surrounding normal struc- 
tures. During application to a malignancy on one labium, the other is 
protected with lead, or the cylinder just mentioned may be pulled 
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**• — AmetaJ rubber cerwraJ, uterine and %asmal applicators 
•tube — radium charge placed in hollow cross tube to be laid directly against cer\ix 
B pessary “C " 

P p ^ insertion into uterine or cervical canals. 

f^^~ntade m various sizes to fit around the cervic Radium beneath filters on 
D t broad ligaments, filters hold vaginal walls away. 

umb-bell applicator for holding radium beneath bases of broad ligaments, when 
Pcssanes do not fit cer\iT 

down tightly against the involved one, and the radium placed as close 
Necessary to give the desired dose. 

Dro treatments require a great deal of care on account of the 
of the bladder and rectum and the thinness of the vaginal 
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wall, the entire thickness of which may be burned through without 
difficulty. The maximum dose against a vaginal-wall tumor should be 
about 1,000 mg. hr. per 2 sq. in. when the filter is 2 mm. of brass. 
One millimeter of platinum allow's an increase of 30 per cent, as there 
are fewer soft gamma rays. The gauze plaque (Fig. 22) has varying 
numbers of little pockets in which the tubes are separately secured. 
Such plaques are also used in treating the cervix. Within the last year 



Fio 22 — Cervical gauze plaques 

E Round plaque mth number of pockets \’aricd to suit size of cervix. 

F Vicker’s gauze applicator After filling pockets with radium tubes, purse stnngs are 
pulled tightly, making a circular plaque 
(E and F developed at Howard A Kelly Hospital) 


and a half I have been using radium element in tubes of platinum and 
iridium of 1 mm. wall thickness. This filters out all the beta and the 
softer gamma rays, but gives rise to harder secondary rays from the 
action of the gamma rays of radium on the platinum. To filter out 
these secondary beta rays* the tube is surrounded by a thin film of 
aluminum foil and •’ ' " . t. ; and intracervical treatments 

is placed in an - of 2 mm. thickness. Ametal rubber 
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pessaries and dumb-bell applicators (Fig 21) hold a tube on each 
side of the cervix, radiating the broad-ligament region. I have not 
found this method as satisfactory as placing the individual tubes or 
plaques against the cervix, as each case presents individual prob- 
lems and the pessaries are not pliable enough to meet all the demands. 

Heymann, of the Radiumhemmet in Stockholm, has various sizes 
and shapes of silver boxes of 2 mm. of lead (Figs. 25-28). By 
carefully adjusting these to the cervix or vaginal wall, he is able 
because of their heavy filtration to give a much higher dosage than is 


[ 



Fig 23 — Intralumoral equipment 

G Lonfr, hollow implantor with obturator for insertinfi radium element needles 
1 ladium element needle. 

: p element needle projecting from end of implanter 
J. Radon seed implanter with seed projecting from end 
T radon seed 

w seed implanter with obturator 

l. rorceps for loading implanter 


Common in this country. Cross firing may be added to this local 
application by placing tubes in the uterine cavity. Inasmuch as radium 
i'' ull direcltons from the tubes, any placed in the vagina 
1 tend to radiate into the broad-ligament region, the same being 
placed up in the uterine cavity, so that radiation from 
o n foci increases that delivered into the broad ligament, adding 
ruction to any migrating cells. 
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Intra-uterine irradiation of menstrual disturbances, fibroids and 
malignancy is the most direct method and therefore usually most 
effective. Brass-filtered radium tubes (2 to 5 mm. thickness) are 
placed in a container on the end of a uterine sound and dipped in wax 
to absorb the secondary rays from the brass. Platinum tubes require 
the special filters previously described, filtering out the secondary 
platinum rays with aluminum foil and 2-mm. ametaJ rubber cots 
securely tied at the end. Intra-uterine applicators require thorough 



sterilization either by chemicals or by boiling. The ordinary precau- 
tions taken for dilatation and curretlage are necessary for intra-uterine 
irradiation of benign conditions, and rarely is there any complicating 
infection. However, in using the uterus as a focus from which to cross 
fire upon the broad ligaments in treating a carcinoma of the cervi^^ 
special care must be exercised in cleansing the cervix so as to avoia 
carrying the ever-present infection associated with the malignant 
cervix up into the uterine cawty- 1 have had one or two severe pelvic 
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inflammations follow such an application. In Europe this is the regular 
procedure and apparently without serious results. 

Asherson reports three cases of cancer of the cervix treated by the 
transperitoneal route in addition to local application to the cervix. 
Four tubes, each containing lo mg. of radium sulphate and screened 
with 0.3 mm. of platinum, were imbedded around the growth in the 
base of the broad ligament and in one case in the left ureterosacral 
fold. He feels that this adds materially to the amount of radiation 
poured into the cervix, but the technic has not been universally adopted 
and it is not without dangers. 


Application of Irradiation 

Vulva. — Treatment of vulval diseases calls for careful protection 
of the thighs, as already outlined, and a dose carefully calculated for 
each lesion, guarding against possible burning. 




Fic. 27. — CeDuloid sledges for holding cylinders or capsules m place within a 
cniterous cer\’K, keeping the radium far out toward the sides nearer the broad liga- 
ments The narrow area of anterior and posterior wall of the crater from 4 mm to 
11 mm. in width, depending upon width of ded^, remains uncovered by radium, but 
receives pracUcally as powerful a radiation from cross firing from the two sides There 
is the added advantage of somewhat reducing what would otherwise be an added inten- 
sity of radbtions at those spots (rectum and bladder) where, accordmg to ccpenence, 
Injuries most frequently arise 
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Pruritus vulvae, a distressing malady, is markedly relieved by the 
local application of radium close to, but not on, the skin. The dose 
usually varies from 300 to 400 mg. hr. at ^-inch distance over an area 
about two inches square. Should the disease extend posteriorly about 
the anus, an additional area is necessary, the same dose being given 
over each. One treatment usually stops the itching and improves the 
condition in the ordinary cases, but involvement of the deeper skin 
layers requires a repetition in four to six weeks, depending upon the 
result of the first application. 




cficrcal warts are commonly multiple and extensive. The smaller 
nes are frequently eradicated with electrodesiccation; the extensive 
oftentimes demand electrosurgical e.xcision. (See Section II.) 
aoium and x-ray, however, are exceedingly important adjuncts either 
conjunction uith electrosurgery or as the sole therapeutic agent. 

here is somew'hat heavier than that necessary for 
•^uus vulvae, running up from 500 to 600 mg. hr. at Yz inch from 
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the skin, repeated in four or five weeks, if necessary. Occasionally a 
third or fourth application will be required completely to eradicate 
the disease. By this careful broken-dose method, reactions are avoided 
and the warts gradually melt away, leaving a healthy-looking, normal, 
soft skin. 

Carcinoma and sarcoma of the vulva are treated with irradiation 
therapy, frequently in combination with electrosurgery, particularly in 
the resistant and extensive cases. The abundant loose skin about the 
NTilva permits easy electrosurgical excision following irradiation, assur- 
ing quicker and less painful healing and a softer scar. Here, the irradia- 
tion dose must be heavier than that for the benign condition in order 
to affect the more resistant malignant cells. Usually i,ooo to 1,500 
mg. hr. are given at J44nch distance over two square inches of area, 
deeper involvement requiring implantation of radium element needles 
or radon seeds. Heavy irradiation reaction is not so much feared when 
the tumor is to be taken out electrosurgically after irradiation, as the 
removal obliterates the slow, painful healing. A combination of 
therapy is, as a rule, more efficacious, as an increased radium dose 
is possible, and two therapeutic agents are used in place of one. The 
lymph-gland-bearing areas are given a prophylactic erythema dose 
with x-ray or radium pack, and any large demonstrable metastasis im- 
planted with radon seeds or radium element needles. Post-irradiation 
care consists of cleansing the part regularly and the application of a 
mild ointment for protection and keeping the parts soft. 

Vagina . — Benign polyps of the vagina are uncommon and readily 
removed with electrosurgery, as already outlined. 

Carcinoma of the vagina offers an insurmountable task from any 
surgical standpoint; however, as a rule, the condition is sensitive to 
irradiation, which gives five-year clinical results and splendid pallia- 
tion in the more extensive cases. Intravaginal irradiation is coupled 
with accurate transpelvic treatment with radium packs or x-ray cover- 
ing all of the gland-bearing areas. During the local application, the 
highly sensitive rectum and less sensitive bladder are carefully pro- 
tected by packing off with gauze or covering the applicator with 
filters of or ^ inch of lead wrapped in aluminum foil to absorb 
the secondary lead beta rays. These organs are easily damaged, with 
liability of fistulas making the patient exceptionally uncomfortable, 
complications which are practically always avoided by carefully apply- 
ing the radium, accurately calculating the dose and then packing the 
vagina, keeping the treatment away from all the normal tissue. When 
the disease is located near the outlet, it is best first to pack the 
gauze above, then apply the radium and fill the remaining cavity with 
gauze to hold the radium in place. Sometimes, particularly in the small 
vagina commonly found in the elderly patient as a result of senile 
changes, small lead filters are of special protective value. Implantation 
in va^nal cancer is dangerous, as the thin vaginal wall allows easy 
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injury to surrounding organs, and it is rarely necessary on account 
of the relative superficialness of the growth itself yielding readily to 
direct applications. As the radium is laid directly against the growth, 
the determination of the dose and filtration is important. I prefer 
heavy filtration of i or 2 mm. of platinum or lead and aluminum foil 
and 2 mm. of rubber, filtering out all the soft rays, allowing only 
the hardest penetrating gamma rays to reach the growth- One thousand 
milligram hours distributed over two square inches of growth have 
in my experience given the best results. Where the disease has ex- 
tended on two or more sides in the vaginal cavity, the pack must be 
moved from time to time, to cover the entire involvement. I usually 
use a small amount, say 75 to 100 mg. for from 10 to 15 hr., varying 
the dose as necessary. 

Cervix . — Benign cervical diseases offer much for irradiation therapy. 
Various reports have been made of the advantage of radium treat- 
ments in endoccrvicilis, an inflammatory condition which, as a rule, 
is best handled by cauterization or electrocoagulation. (See Section 
II.) The same may be said of benign polyps, easily removed with the 
cautery or high-frequency current, in which, should any malignancy 
be found, the base is thoroughly destroyed and adequate irradiation 
given as a prophylactic measure. 

Cervical malignancy is one of the most fertile gynecologic fields for 
irradiation therapy because of the ease of approach and concentration 
of dose, and sensitivity of the cancer, usually predicted by the micro- 
scopic picture. Biopsy is a routine confirming the diagnosis and aiding 
the prognosis- Martzloff, Bfoders and others have shown that basal- 
cell tumors (which are less differentiated) are the most sensitive to 
irradiation, while squamous-cell, or the more highly differentiated type, 
are less sensitive in direct proportion to the amount of keratinization 
observed microscopically, for, the nearer the cells are to the adult 
squamous type, the less response is there to the rays. Adenocarcinoma 
is still more resistant. The microscopic picture, then, is of great help 
in prognosticating any individual case, but not always the sole factor, 
as there is a great difference in the individual variation within any 
one particular type. 

Statistics show that in the early so-called operable cancers, as high 
a percentage of five-year results is obtained by irradiation as with any 
operative procedure. This is without a primary mortality, so that in 
reality the odds are in favor of irradiation therapy. In spite of the 
efficient cancer propaganda for the last ten or fifteen years, we still see 
^large number of cases, 70 per cent in my series, coming in the 
borderline of inoperable cases, either because of the late development 
of symptoms, the patient’s own fear of cancer and therefore neglect 
of investigation, or because of the physician’s ignorance as to the 
proper diagnosis. Surgery offers nothing in this group. The author, re- 
porting 231 cases occurring during 1921 and 1922 at the Howard A. 
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the skin, repeated in four or five weeks, if necessary. Occasionally a 
third or fourth application will be required completely to eradicate 
the disease. By this careful broken-dose method, reactions are avoided 
and the warts gradually melt away, leaving a healthy-looking, normal, 
soft skin. 

Carcinoma and sarcoma of the vulva are treated with irradiation 
therapy, frequently in combination with electrosurgery, particularly in 
the resistant and extensive cases. The abundant loose skin about the 
\njlva permits easy electrosurgical excision following irradiation, assur- 
ing quicker and less painful healing and a softer scar. Here, the irradia- 
tion dose must be heavier than that for the benign condition in order 
to affect the more resistant malignant cells. Usually i,ooo to 1,500 
mg. hr. are given at 54 -inch distance over two square inches of area, 
deeper involvement requiring implantation of radium element needles 
or radon seeds. Heavy irradiation reaction is not so much feared when 
the tumor is to be taken out electrosurgically after irradiation, as the 
removal obliterates the slow, painful healing. A combination of 
therapy is, as a rule, more efficacious, as an increased radium dose 
is possible, and two therapeutic agents are used in place of one. The 
lymph-gland-bearing areas are given a prophylactic erythema dose 
with x-ray or radium pack, and any large demonstrable metastasis im- 
planted with radon seeds or radium element needles. Post-irradiation 
care consists of cleansing the part regularly and the application of a 
mild ointment for protection and keeping the parts soft. 

Vagina . — Benign polyps of the vagina are uncommon and readily 
removed with electrosurgery, as already outlined. 

Carcinoma of the vagina offers an insurmountable task from any 
surgical standpoint; however, as a rule, the condition is sensitive to 
irradiation, which gives five-year clinical results and splendid pallia- 
tion in the more extensive cases. Intravaginal irradiation is coupled 
with accurate transpelvic treatment with radium packs or x-ray cover- 
ing all of the gland-bearing areas. During the local application, the 
highly sensitive rectum and less sensitive bladder are carefully pro- 
tected by packing off with gauze or covering the applicator with 
filters of or 54 inch of lead wrapped in aluminum foil to absorb 
the secondary lead beta rays. These organs are easily damaged, with 
liability of fistulas making the patient exceptionally uncomfortable, 
complications which are practically always avoided by carefully apply- 
ing the radium, accurately calculating the dose and then packing the 
vagina, keeping the treatment away from all the normal tissue. When 
the disease is located near the outlet, it is best first to pack the 
gauze above, then apply the radium and fill the remaining cavity with 
gauze to hold the radium in place. Sometimes, particularly in the small 
vagina commonly found in the elderly patient as a result of senile 
changes, small lead filters are of special protective value. Implantation 
in vaginal cancer is dangerous, as the thin vaginal wall allows easy 
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Clinic and others, maintaining that small amounts of radium given 
over a period of a day or two and repeated once a week for three 
weeks are more efficacious I have found that the latter method gives 
the best result and have adopted the plan of breaking up the calculated 
total dose into three smaller ones given one or two weeks apart. In 
support of this theory, its advocates maintain that inasmuch as cells 
are vulnerable during mitosis, more are affected by exposure to a small 
amount of radium over a long period, and repetition of the dose on 
two or three successive occasions destroys a still larger number. 

Following the first treatment, there is a period of erythema, after 
which the cervix gradually shrinks and whitens, being covered with 
a grayish “radium slough.” Bleeding soon stops, and the discharge 
lessens in proportion to the amount of the cervical contraction 
and healing. In from six to eight weeks the cervix is entirely healed 
and replaced by a firm cicatrix. This is quite uniformly the case, 
even when broad ligament and perimetria! invasion has been noted 
at the first examination. 

After four to six weeks from the first treatment, it is safe to cross 
fire through the pelvis with radium plaques or x-ray; the full 
erythema dose is given through each of several portals, two being 
most commonly chosen, one over each broad ligament, with careful 
protection from overlapping on the skin. A third portal may be chosen 
through the sacrum, if indicated by much e.xtension into the posterior 
pelvis. 

Recurrences are treated as they develop. The reappearance of local 
disease is combated by applications similar to the first, the dose usually 
being one-half to two-thirds that originally given. Lateral extension in 
the broad ligaments in the form of a sclerotic mass, or growth pos- 
teriorly as a fan-shaped diaphragm on each side and encircling the 
rectum, is best treated by cross firing through the pelvis, as previously 
outlined. Larger massive recurrences are implanted, after thoroughly 
sterilizing the vagina, with radon seeds when available, as they can be 
although removable radium element needles are just as 
eiticacious. On the basis of one millicurie of radon permanently im- 
planted giving 133 millicurie hours of treatment, the dose is varied 
rom 500 to 1,200 mg. hr., depending upon the size of the mass. With 
radium element needles, the dose is the same and calculated on a time 
'Sram basis as in any other local application. 

_ the complications which may arise following irradiation of car- 
cinoma of the cervix depend upon the extent of the disease at first 
amination and the skill \vith which the application is made and dose 
arp^^K rectal fistulas are rare when careful precautions 

or ° provided the growth did not involve the anterior 

^^^osterior vaginal walls to any marked degree before treatment was 
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Kelly Hospital, showed that even in this surgically helpless group, 28 
per cent of the local lesions ‘were healed and 44 markedly improved, 
with a clinical four-year arrest of 15 per cent. One year later, which 
brought these statistics up to the five-year period, there were 10 per 
cent clinically well and without demonstrable disease. 

Early cases, presenting as small ulcers on the cervix or limited 
involvement in the canal, are treated without preliminary cauterization. 
In the more advanced, removal of a portion of the cervix with the 
cautery or by electrosurgery allows the application at the outlying 
portions of the growth where activity is greatest and the treatment is 
concentrated. This combination is of special value in treating massive 
cauliflower growths which fill the vagina. The cervix is amputated with 
a strong cutting current and the base sealed with a strong coagulating 
current. Where this amputation is impossible or difficult, the growth 
can be removed with an electrosurgical loop back to firm tissue. 

The application of the radium is made in one of several ways, 
depending upon the case at hand. The canal is filled with an ametal 
rubber cot containing platinum-filtered (1 to 3 mm.) radium sur- 
rounded by aluminum foil. A plaque similarly filtered is then placed 
over the cervix and held in position with suitable vaginal packing. 
Ametal rubber pessaries or dumb-bell applicators, with extra thid: 
rubber filters around the tubes to keep them away from the vagina, 
guarding against burning, may be used to hold rubber tubes out under 
the broad ligament. I have found it rather difficult to apply these 
pessaries and dumb-bell applicators, as they are more or less fixed in 
size and shape and not adjustable to many cervices. Extension beyond 
the cervix into the broad ligaments requires implantation of radon 
seeds, or radium element needles are placed in the cervical tissue 
opposite the broad ligament or in the massive extensions. 

Intra-uterine application in cervical cancer is advocated by many 
as an additional means of cross firing upon the broad ligaments. This 
is not without danger of infection being carried up into the uterus 
and an associated pelvic peritonitis. Cancers of the cervix always have 
a large amount of associated infection, usually streptococcus. In 
the few cases in which I have added intra-uterine irradiation, there 
has been a high percentage of infection in spite of preliminary cleans- 
ing of the cervix. There is less likelihood of carrying infection into the 
body if the cervix is cauterized, but no method of chemical steriliza- 
tion will eradicate all bacteria lingering deep in the tissues. 

With radium filtered with i mm. of platinum, the average cervical 
dose is 3,000 mg. hr., by the combined application of needles, tubes 
and plaques. With heavier filtration, say 3 mm. of platinum, the dose 
is increased to 4,000 or 5,000 mg. hr. Heymann, using the equivalent 
of 3 mm. of lead, gives 6,000 mg. hr. in broken doses, with impunity. 
There are two schools of dosage — one holding that a heavy, short 
application deals a death-blow to the growth better than repeated 
treatment, the other, supported by Bowing and Fricke of the Mayo 
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In two Other patients in this group there were miscarriages. Neill 
concludes that pregnancy is possible after irradiation in selected cases. 

For patients from twenty-five to forty years of age, the intra-uterine 
dose is increased to i,ooo to 1,500 mg. hr., producing amenorrhea 
for from one to two years with return of the menstrual periods in the 
younger group. Rarely is a patient resistant to one or two intra- 
uterine treatments and then requires hysterectomy. Hyperplasia at the 
menopause requires 1,500 to 2,000 mg. hr. wth brass-filtered radium 
and 1,800 to 2,200 mg. hr. with platinum-filtered radium to bring 
about a complete cessation of menstruation. Artificial menopause is 
accomplished without serious complication other than that which 
would have occurred had the menstrual cycle ceased in the normal, 
physiologic way. 

Fibroid tumors of the uterus are especially susceptible to irradia- 
tion given internally or transpelvically, although intra-uterine applica- 
tion is quicker and more certain. The size of the tumor, per se, is not 
a contraindication to irradiation therapy, but pedunculated subserous 
growths, submucous tumors, calcified fibromas, an incarcerated uterus, 
an obscure diagnosis or acute pelvic inflammatory diseases require 
surgical intervention. Uterine fibroids so densely bound down by old 
inflammatory adhesions that their removal is an unwarranted risk 
respond to irradiation and, shrinking to normal, or nearly so, all 
bleeding ceases. Reduction of a densely adherent uterus is sometimes 
associated with abdominal discomfort caused by pulling on the ad- 
hesions, a symptom of minor importance considering the patient’s 
general well-being. The degeneration of fibroma into sarcoma by irradi- 
ation has not been established, as such cases reported in the literature 
were probably malignant from the beginning. The fibroid dose of intra- 
uterine radium is about the same or perhaps a little larger than that 
re*iuired for permanent amenorrhea, as previously described. X-radia- 
tJon and radium pack for fibroids act through the effect of the rays 
ypon the ovary more than directly upon the tumor itself. Intra-uterine 
irradiation, however, has a double action; first, an obliterating endar- 
teritis of the endometrial vessels and, second, an inhibition of ovarian 
activity. Some authorities believe that e.\cessive bleeding wth marked 
a contraindication to irradiation, as it is imperative to stop 
. ® bleeding immediately. Hysterectomy is also not without its dangers 
1 ” ®^^h patients. Dilatation and curettage under gas anesthesia, or 
ju the nulliparous without any anesthetic, are associated with much 
•‘‘sk and bring about almost uniformly a complete cessation of 
® hemorrhage until the radium has had its effect. Submucous fibroids 
or fibroid polyps require surgical removal, as irradiation against these 
to sloughs of varying degrees of severity with infection and 
ou discharge, without eradicating the tumor. 

^Ialignant Diseases. — Adenocarcinoma of the uterus usually 
yrs at or after the menopause. Curettage reveals the diagnosis, but 
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Uterus. — ^Irradiation of uterine disease has been a blessing to many 
thousands of patients by sparing them the dangers and mutilations of 
operations for the removal of one or more pelvic organs. 

Benign Diseases. — Many thousands of women have had their 
uteri saved by irradiation control of irregularities in menstrual flow 
or eradication of fibroid tumors. What a pity to deprive unnecessarily 
a young woman of her pelvic organs and hopes of normal sexual 
activity, by removing the uterus for a menstrual irregularity or small 
fibroid tumor. Many cases are on record of perfectly normal menstrual 
and sexual functions and the occasional birth of a normal child after 
uterine irradiation. 

Hyperplasia of the endometrium is most frequently encountered at 
the beginning or termination of the menstrual cycle. In young women 
under twenty-five, the intra-uterine dose is from 400 to 1,000 mg. hr., 
with brass-filtered radium, and about one-third more than this when 
I mm. of platinum, aluminum foil and 2 mm. of ametal rubber are 
used. In girls at the begiuuiug of the menstrual period up to the l^er 
teens, one-half to two-thirds of an erythema dose with x-ray or radium 
plaques over the ovaries gives the same result without the necessity 
of instrumentation. Following such treatment, there may not be a 
complete cessation of the menstrual cycle, but a gradual reduction to 
normal flow. If amenorrhea occurs, it usually lasts six months to a 
year, gradually returning to normal. 

W. Neill reports 30 cases of adolescent bleeding treated wth radium 
at the Howard A. Kelly Hospital. In six of these the hemoglobin 
varied between 30 and 50 per cent. The youngest patient was 13 years 
old, and the oldest 25. He divided the cases into three groups: In 
Group I there were sixteen patients in whom the periods became 
normal immediately or within a few months after treatment and 
remained so. In Group II, five cases, there was temporary amenorrhea 
with a later return to normal menstruation. In Group III, permanent 
amenorrhea was established in six cases. All of these were treated by 
the intra-uterine method, with a dose varying from 184 millicurie 
hours to 1,300 millicurie hours, the maximum dosage being used in a 
person 24 years of age, who had had such extensive hemorrhages in 
spite of previous curettements that the hemoglobin was 30 per cent. 
Hysterectomy had been advised, but refused by both patient and par- 
ents. After irradiation, immediate cessation of hemorrhage occurred, 
but irregular bleeding continued for eight months, when normal 
periods became established and the patient’s health steadily improved. 

In Group I of Neill’s cases, one patient married one and one-half years 
after treatment (12 years ago) and gave birth to a normal child one 
year after marriage (2>^ years after treatment), and a year and a half 
later (4 years after treatment) there was a stillborn child at full term. 
Five years later, she was delivered of a second healthy child— both 
children being alive and normally developed at the time of this writing. 
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SECTION IV 

HYDROTHERAPY— DOUCHES 

Hydrotherapy in gynecology is limited to perineal irrigations and 
douches, and occasionally sitz baths, irrigations and douches being 
most frequently employed as a cleansing agent following perineal 
operations, although ulcerating diseases of the vulva require irriga- 
tions for cleanliness and comfort. Irrigation solutions are usually 
similar to those for douching the vagina. Sitz baths relieve pain and 
tenesmus, and cleanse the external genitalia. 

The real value of a douche is threefold— -first, and most important, 
the mechanical irrigation; second, heat applied more closely to the 
seat of disease; and third, the chemical effect, of least value, as solu- 
tions strong enough for definite chemical action on bacteria often are 
irritating and usually do not remain in the vagina long enough for 
real antiseptic effect; neither do they reach the cervical canal, the 
seat of most leukorrheas Saline and alkaline douches are soothing to 
the irritated vagina or vulva. 


Technic 

Douches are best given by a nurse or an attendant, although am- 
bulatory patients using the treatment at home, once or twee a day, 
have to irrigate themselves. A long, curved, hard rubber nozzle, 
most commonly satisfactory, is attached to a soft rubber bag by a 
long rubber tube. A special, two-way douche nozzle, with a large 
flange near the distal end, to keep the vulva apart, is preferable, 
thereby protecting the external parts from irritation from hot solu- 
tions, and at the same time making distention of the vagina possible, 
the solution escaping only through the outflow tube. The patient 
should lie on her back, preferably with the hips slightly elevated, 
assuring that the solution gets as high as possible (except in acute 
Cases, when Fowler’s position is essential to reduce extension up the 
cervix and uterus and out into the tubes). Advise against sitting on a 
commode while taking a douche, as the solution does not remain in 
the vagina long enough nor under sufficient pressure to distend all the 
folds of the vaginal wall. 

Acute and chronic endocervicitis arc the most common diseases 
cqumng douches, although the heat of the douche is of great value in 
3cute and chronic salpingitis. 



AQ rcbapter 22 
Ivolnme II 


Application of Irradiation 


does not always tell of the exact location and the extent of the involve- 
ment. For this reason, intra-uterine irradiation is liable of inaccurate 
application, and for many years panhysterectomy was considered the 
method of choice. Recently, Burnam and others have reported excel- 
lent results from intra-uterine irradiation, which compared favorably 
wth those of panhysterectomy without primary operative mortality. 
The intra-uterine irradiation technic is as formerly described with 
two or three times the dose — as high as 3,000 or 3,500 mg. hr. being 
given with brass-filtered radium and 3,500 to 4,000 mg. hr. with 
platinum-filtered radium. In extensive cases this might have to be 
repeated as occasion demands, the repetition of treatment in any case 
depending entirely upon the progress. Marked palliation is obtained 
even in advanced disease involving the broad ligaments, particularly 
when the treatment includes transpelvic irradiation. 

Ovaries. — As already mentioned, the ovaries are always affected 
when treating diseases of the uterus or the cervix. 

Benign lesions of the ovaries, then, which are treated with irradia- 
tion, are only those dependent upon functional activity. 

Carcinoma yields surprisingly well, but I believe an exploratory 
operation should always be done in the hope of removing the growth, 
or as much of it as possible, and allowng accurate localization of the 
remaining trouble for more effective postoperative irradiation. Irradia- 
tion of ovarian tumors without preliminary operation, except in rare 
instances where the tumor is massive and diagnosis is quite certain, 
is more or less working in the dark. I recall a patient of Howard A. 
Kelly’s who had been operated on in a distant city and the diagnosis 
of inoperable, adherent, bilateral carcinoma of the ovary made with- 
out biopsy. Operation (at which I assisted) was performed in an 
effort to determine more accurately the exact nature of the growth and 
to remove as much as possible before irradiation. Two large chocolate 
cysts were found and completely removed, the patient making a 
splendid recovery. Electrosurgery was necessary to cut the tumors 
aw’ay from the densely adherent intestines. 

The dose of radium or x-ray should be carefully calculated and 
livered through as many portals as possible, cross firing upon the 
seat of the disease. An erythema dose is given through each portal, 
with careful protection of the skin to prevent overlapping. 
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Acute Gonorrhea 

The local treatment of acute gonorrhea is only part of the thera- 
peutic measures necessary to cure the local disease, prevent salpingitis 
and protect the other members of the household. The accepted gen- 
eral medical measures must always go hand in hand with douches and 
external irrigations. 

In the acute stages, patients are usually in bed, where frequent and 
constant treatments are more readily given. The perineum and vulva 
are cleansed three or four times a day by copious irrigations, with a 
mild antiseptic solution, such as 2 per cent boric acid, bichloride of 
mercury (1:8000) or potassium permanganate (1:4000). Vaginal 
douches of similar solutions, at a temperature of 116° F. (46.67° C.), 
are given at low pressure, with the body elevated, preventing forcing 
the acute infection up into the cervix, uterus and out into the tubes. 
It is better here to use a soft rubber nozzle inserted a little way into 
the vagina, avoiding any abrasion. The heat inhibits the growth of 
the gonococci (Cherry); and large amounts of fluid, for instance, the 
long-employed gallon douches, greatly prolong the application to the 
cervix. After the acute stages have subsided, douches are supple- 
mented by topical applications and other treatments, which are beyond 
the scope of this chapter. 

Hyams ^ has described a unique instrument for, and method of 
applying, .prolonged irrigation to the urethra and to the cervix and 
yagifta;'With hot solution at an exact temperature under accurate con- 
'tfol. The accompanying diagrams are sufficiently illustrative without 
further description. 

Acute Urethritis 

Tfi^patient is requested not to void for at least an hour before 
.-treatment, which is applied in the lithotomy position. One ounce of 
I per cent silver nitrate solution is injected into the vagina, bathing 
its walls, as well as the cervix, and held by a pledget of cotton in the 
outlet. The urethral open applicator (Fig. 29) is connected to a tank 
containing sterile water at a temperature between 114 and 118° F. 
(45.56 and 47-78° C.), and the external parts cleansed by irrigation, 
after which the applicator is inserted into the urethra for about 
one-quarter of an inch and held firmly against the meatus to prevent 
leakage. Water is allowed to circulate at a temperature varying from 
106 to 114° F. (41. II to 45.56° C.), according to the tolerance of 
the patient, under a little pressure, distending the urethra so that its 
entire surface is accessible and flushed. Applications usually last 
twenty-five minutes; then a cotton applicator, saturated with x per 
cent silver nitrate solution, is insetted into the urethra and left for 
ten minutes. The pledget previously placed In the vaginal opening is 
removed, the urethra and vulva dried and dusted \vith a powder con- 
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Fig. ig— Urethral open applicator. (Courtesy of American Medicine.) 



Fic. JO — Clixed urethral aji^tllcator. (Courtly of American Medicine ) 
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sisting of one part xeroform and three parts boric acid. A closed 
applicator is used for repeated treatments (Fig, 30), after the acute 
symptoms have subsided; and the duration of the treatment, tempera- 
ture and local medication are the same as in the open method. Daily 
sitz baths are essential, the patient being instructed to sit in the bath- 
tub and allow the hot water to run slowly and steadily for fifteen 
minutes by the clock. Detailed instructions are also given regarding 
general hygienic measures, regulation of diet, fluid intake and care of 
the bowels. 

Acute Endocervicitis 

Figure 31 shows Hyams* instrument for continued irrigations of 
the cervix and vagina. The preliminary technic is similar to that 
described in the treatment of acute gonorrheal urethritis. After snugly 
fitting the cervical instrument into the vaginal orifice, a thermom- 
eter is inserted, light attached, the rubber tube from the hot water 
supply connected to the instrument, and the irrigation started. The 
vagina immediately distends, and by looking through the attached 
telescope the water is seen loaded with pus and debris, resembling 
a "violent snowstorm,” temporarily obscuring clear vision but soon 
clearing as the irrigation is continued. By manipulation of the cervical 
applicator, its tip is inserted just within the external os, the entire 
instrument then being held in place by a special holder, the water 
circulating at a temperature of 115 to 118® F. (46.11 to 47«78® C.). 
The patient experiences no discomfort so long as the circulating fluid 
remains confined viithin the vagina, but care must be exercised ‘that 
none leaks around to irritate the skin. After twenty-five iminutes of 
such irrigation the instrument is removed, and an ounce’of;i‘per;cent 
silver nitrate solution is injected into the vagina to remain for ten 
minutes, bathing the cervix as well as the vaginal walls. The skiff, of 
the vulva is then dried and dusted with the same dusting powder. 
The patient carries out similar home treatment as when being. treated 
for the acute urethritis. 

Chronic Endocervicitis 

Douches and tampons are the time-worn treatments for chronic 
endocervicitis When the infection has penetrated deeply into the 
racemose cervical glands, chemical solutions on tampons and the 
mechanical irrigation rarely serve to clean up the outlying posts of 
the trouble. Hot douches are of value in stimulating circulation and 
cleansing the vagina of the accumulated mucoid Icukorrhca but other- 
Wise are of limited value. Chronic endocervicitis, as indicated under 
Electrosurgery, needs more drastic treatment. During convalescence 
from such surgical measures, douches are cleansing and comforting. 
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Hydrotherapy — Douches 


Malignant Disease of Orvix, Vagina and Vulva 

As a matter of completeness, I reiterate what has been said else- 
where relative to the great comfort which douches are to the gyne- 
cologic patient suffering from malignant disease. Following irradiations 
of the cervix and vagina, there is always considerable vaginal drainage. 
Carcinomas of the vulva are associated with much weeping of serum 
and sloughing growth, always discomforting and annoying. An alkaline 
douche once or twice daily is most commonly used, as it neutralizes 
the add, irritating secretions. 


Douche Prescriptions 

THE P. M. C. DOUCHE 

Acidi borici % iv 

Pulv. alum. % i 

Pulv. phenol 3 ii 

01. raenth. pip S i ss 

Sig.; Mix well- A teasponful in a quart of warm water 
as a vaginal douche. 

THE A. B. C. DOUCHE 

I? Pulv. alum, cxsic ' i 

Phenol 5 1 

Acidi borid o vi 

01. gaulth 5 i 

01. menth. pip lU xxx 

Sig.: A teaspoonful in a quart of warm water as a vaginal 
douche. 

1y Acidi carbolid o ss 

Sod. biboratis § ii 

Acidi borid o hi 

Sig.: One dram in two quarts of hot water as a vulval 
douche, t. i. d 

3? 01, menth, pip 3 ss 

Acidi carbolid 5 1 

Zinci sulphatis , % i 

Acidi borici 

Sig.; Two drams in one gallon of hot water as a vaginal 
douche, b. i. d. 


D cTneeolorie dJsMse*. Amer. 

« 20 : 538-545 (Sept.) 3034- 
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THE USE OF PHYSICAL THERAPY IN OPHTHALMOLOGY 
Sanford R. Gifford, M.D. 

Introduction 

^Vhile always depending to some extent on such physical therapeutic 
agents as heat and cold, ophthalmologists in general have been rather 
slow to make use of the modern agents of physical therapy, such as 
ultraviolet light, diathermy, x-ray and radium. This conservatism has 
probably depended largely on a very proper fear of possible damage 
to the delicate structures of the eye, cornea, lens and retina by 
these agents. Such possibilities of danger undoubtedly exist, and it 
is only through the experiences of a relatively few observers in recent 
years that we are now able to say just what these dangers are and 
to arrange proper dosage and filtration so that they may be avoided. 
As a result of the same observations, we are now able to say some- 
thing as to the various conditions which are definitely benefited by 
these agents. This should mean only conditions in which phototherapy 
or radium, for example, offer advantages not enjoyed by the agents 
previously used, as needless expense and loss of time by both physician 
and patient should not be incurred by using more complicated meth- 
ods and instruments for the treatment of conditions which are satis- 
factorily relieved by simpler means. 

This chapter will attempt to consider, therefore, only the condi- 
tions in which physical therapy has very definite indications, and 
wnll give the technic and dosage which have been found safe and 
effective by observers with enough clinical experience to back up their 
statements. 

Thermal Therapy 

The use of heat and cold in ocular conditions should be governed 
by the same general rules as those for heat and cold elsewhere in the 
DMy. In the first stages of an acute inflammation, such as gonor- 
ophthalmia, acute conjunctivitis of other types or acute orbital 
cellulitis, cold applications often reduce the amount of swelling or 
prevent further swelling, and often relieve pain. They are best applied 
lu the form of shaved ice in a thin rubber container such as a rubber 
S ove with the fingers lied off. This is wrapped in one layer of thin 
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gauze and placed over the closed lids. Cotton pads wrung out of ice 
water are also effective. Cold in one of these forms is often used for 
alternate hours during the period when swelling may be expected. 
Such treatment is of special value after certain operations such as those 
on the extra-ocular muscles which are frequently followed by con- 
junctival swelling. In any case of iritis with much pain, cold packs for 
not over 15 minutes to one-half hour at a time may be tried and may 
be of great value in relieving pain. When an ecchymosis of the lids 
(black eye) or a subconjunctival hemorrhage first occurs, cold appli- 
cations may cause contraction of the vessels and prevent further 
oozing. After 24 hours they are probably of no further value, and 
should be replaced by hot packs which seem to hasten the process of 
absorption. 

The same is true in most inflammatory conditions in which, after 
the initial swelling has been minimized by cold packs for 48 hours, 
the use of heat is generally of more value. 

Moist Heat. — In most cases moist heat can be efficiently applied, 
and requires no special equipment. A pad of cotton is placed on the 
eye, as the patient lies in bed with the eyes closed. First warm water, 
and then hotter water, is dropped on the cotton with an ear syringe 
or a dropper till the highest temperature which is tolerated without 
pain is reached. This temperature is kept up for 20 minutes and 
such applications are given three or four times a day. It is important 
to give proper instructions either to nurses or to members of a patient s 
family, when the effect of hot packs is desired. Patients should un- 
derstand that with the lids closed, there is no danger in using ordi- 
nary water, and it is usually best, since if any solution, such as 
that of boric acid, is used, there will seldom be enough solution, or 
hot enough solution, to give a proper pack. 


Dry Heat. — Where dry heat is desired, as after intra-ocular opera- 
tions, the various infra-red lamps are clean, safe and effective. They 
should be placed at such a distance from the eye that the heat is not 
actually painful, and treatments should last 20 to 30 minutes. The 
heat of an ordinary reading lamp may be used for this purpose. Park 
Lewis has described a convenient small infra-red lamp made to fit 
snugly over one eye, which can be used by the patient himself. The 
Kopftichtbad used in many German clinics is a box which fits over the 
head and contains four to six electric light bulbs, which can be turned 
on to give varying amounts of heat to the head. The congestion of 
the head so produced is claimed to be more beneficial than packs to 
the eye alone. 

Other methods of using heat, such as diathermy and the thermo- 
phore, will be described later. 
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Phototherapy 

In using light on the eye or adjacent structures, there are several 
factors which make the effects different from those of light applied 
elsewhere in the body. Most important of these is the transparency of 
the ocular media, which allows access of certain kinds of light to 
the deeper structures, and which may be impaired by too great a 
dosage of active rays. 

Absorptioru — The normal cornea absorbs 50 per cent of the longer 
infra-red rays, between 18,000 and 16,000 A®, the other half being 
absorbed by the lens. Between 16,000 and 13,500 A°, the cornea 
absorbs almost all the light, while from 13,500 do^vn to the beginning 
of the visible red rays at 7,700, an increasing amount is transmitted, 
reaching 100 per cent for the rays of the visible spectrum, 7,700 
to 4,000. In the ultraviolet region it absorbs practically all rays below 
2.950* The aqueous and vitreous humors transmit all rays which pass 
the cornea. The lens, besides absorbing most of the longer infra-red 
rays which pass the cornea, absorbs 25 per cent of rays between 
13.S00 and 11,000 A®, all the ultraviolet rays between 2,950 and 
3,200 and part of those between 3,200 and 4,000. These ranges of 
absorption are important since it is only the absorbed light which is 
effective, or in larger doses, harmful. 

^ Sensitiveness. — It may be expected that the cornea will be espe* 
daily sensitive to ultraviolet light. It is sensitive not only because 
of its absorption, but because of its rich supply of nerve endings, 
and this sensitiveness is the second factor which must be considered 
as peculiar to the eye. When the cornea is exposed to a source of 
ultraviolet light of sufficient strength, an abiotic reaction begins after 
six to eight hours, with swelling and irregularity of the corneal epi- 
thelium, and the formation of vesicles. If the exposure is longer, 
the epithelium is completely desquamated, the corneal corpuscles show 
fragmentation of their nuclei, and eosinophile cells appear in the 
cornea. This occurs, of course, only with exposures much longer than 
those used for therapeutic purposes. Even a slight abiotic reaction 
oyer a large area of cornea is intensely painful. It is the real basis 
of photophthalmia or snow blindness and may occur in typical form 
after accidental exposure to the flash of an electric arc. 

It was formerly believed that snow blindness was due to the effect 
of ultraviolet light on the retina. From what we now’ know’ of the ab- 
sorption of ultraviolet by the cornea and lens, it is apparent that only 
the longer ultraviolet rays betw’een 3,200 and 4,000, and only part 
°f reach the retina, and changes in the retina as a result 

of these rays have not been showm to occur experimentally. The retinal 
changes produced in rabbits by Birch-Hirschfeld were chiefly in eyes 
rom which the lenses had been removed, and after much longer ex- 

44UI 
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posure than is ever used clinically. Large doses of infra-red rays, on 
the other hand, may cause injury to the retina, and this is what occurs^ 
occasionally after looking at an eclipse of the sun, when atrophic 
changes in the central retina may later be seen with the ophthalmo- 
scope. 

The ultraviolet rays which pass the cornea may, in large doses, 
have the same effect on the epithelium of the lens capsule as on that 
of the cornea, and Duke-Elder ‘warns against this in using photo- 
therapy. The only clinical reports of cataract after phototherapy, 
however, of which I can find record are the two cases of Scheerer, 
and in these cases some x-ray treatments had also been given. It has 
been shown in the clinic of Vogt that very large doses of ultraviolet 
are tolerated by the lens without any opacity developing. In the same 
work, however, it was found that the infra-red rays which pass the 
cornea did produce lens opacities. It is to guard against this that the 
source of light used for phototherapy must be seriously considered. 

Sources of Light. — General Irradiation. — For general irradia- 
tion of the body, the larger mercury vapor arc lamp is usually used, 
in a quartz tube. Types of this are the Jesionek light, a light de- 
scribed by Duke-Elder ^ which, with the addition of a screen and 
quartz applicator, is also suitable for local applications to the eye, and 
the air-cooled mercury quartz lamps, which are now being used rather 
extensively, especially by pediatricians, and which Koeppe has used. 
In Copenhagen, where the Finsen iron arc light was first used for tuber- 
culosis, a type of large carbon arc has finally been selected as the one 
whose spectrum most nearly approaches that of the sun, and this is be- 
ing used for general irradiation.^ The object of this treatment is to 
produce a mild skin reaction, which has been shown to increase the bac- 
tericidal. p'ower of the blood, and so it is of value especially in tuber- 
culous conditions and phlyctenular keratitis. In the technic used at 
Moorfields Hospital, one-third of the body surface is irradiated at each 
sitting 'With the mercury arc lamp, the dose being found which will 
produce a flight erythema, and this is repeated on other areas two or 
three times a week. After fifteen such treatments, a carbon arc light is 
then used which is richer in the long ultraviolet rays, and has a more 
penetrating effect. Five treatments with this are given, and after two 
to three weeks of rest, another course is given if necessary. 

Local Irradiation. — For local treatments to the eye with ultra- 
violet light, Duke-Elder uses a mercury vapor arc slitlamp apparatus, 
with a quartz lens system; Koeppe, the water-cooled mercury quartz 
lamp, a small mercury arc in a water-cooled quartz container, %vith a 
quartz applicator. The light which is used in most European clinics, 
and which I have used in most cases, is the Birch-Hirschfeld irradiation 
lamp, a carbon arc, with a filter of uviol glass, and a quartz lens system, 
one lens of which is movable, so that a fine bundle of light can be 
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focused on the corneal lesion (Fig. i). A quartz cell containing 0.5 per 
cent copper sulphate solution was used by Birch-Hirschfeld to remove 
the infra-red rays. This absorbs some of the ultraviolet rays, all, in fact, 
below 3,050 A°. Hence distilled water in the cell, which has the same 
effect on the heat rays, is to be preferred. 

Uviol Filter . — Since the uviol filter removes some of the infra-red 
rays, I have often used the lamp without any other filtering solution 
and have never seen any damage to the cornea from the slight heat 



> Birch-IIirschteld Irndiilion bmp with uxiol filter and quaitr lens {Cell lor 
distilled nater not shonn ) 
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effect produced, which may itself have some beneficial effect. The uviol 
filter removes most of the visible rays which produce dazzling rays, 
transmitting only a narrow band of visible rays in the blue-violet, the 
effect of which is rather to decrease photophobia and corneal sensi- 
tivity. Figure 2 shows the spectrum of this light. Without any fillers it 
transmits a uniform band down to 2,300 A®. With the uviol filter 


a b e 



Fic. 2. — Spectrum of Birch-Hirschfeld lamp Arc Hcht without filter; b, arc licht with 
ucnol and coppier sulphate fitters; c, arc Heht with u\nol filter. 
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the shorter wavelengths are absorbed, but a considerable amount of 
ultraviolet down to 2,850 A° is transmitted. Other filters, such as 
some of the Corning glasses, or Wood’s filter of nitrosoamino-aniline, 
transmit more ultraviolet, and attempts are being made to find a 
system of filters with which the amount of ultraviolet can be varied 
satisfactorily. The amourvt of ultraviolet emitted by the light itself 
is much affected by the carbons themselves, carbons cored with nickel, 
aluminum, cobalt or iron being especially rich in ultraviolet.* In the 
arc used in this work, carbons with iron cores were used. With this 
apparatus, as at present used, the light is focused on the lesion for 
five to ten minutes, and should be kept in focus by the surgeon or a 
trained assistant, as slight movements of the head or eye will other- 
wise remove the lesion from the area of effective radiation. Treat- 
ments are repeated once or twice a day. 

Visible Rays . — Another method of phototherapy utilizes chiefly 
visible rays, which penetrate the media and are effective in lesions 
of the posterior segment. For this, the arc light, with Henker’s filters 
of crystal violet and copper sulphate solution, is used Koeppe reports 
good results from this method in 200 cases of tuberculous iridocyclitis, 
and in several cases of periphlebitis of the retinal vessels and 
choroiditis. 

I have had no experience with this method of treating deeper lesions, 
and believe the evidence in favor of its use is not nearly so convincing 
p that in favor of ultraviolet irradiation in the types of condition to 
be described. 

Comparative Results from Use of Various Lights. — Photo- 
therapy was first used for the treatment of tuberculous eye diseases 
and phlyctenular keratitis in scrofulous children, following the wrork 
of Rollier and of Fleming and Kruslus on exposure to sunlight in high 
altitudes. In these conditions, general light baths with the mercury 
vapor arc have proved of definite value. Stock, Koeppe, Duke-Elder 
and many others have reported rapid clearing up of eye lesions 
during the general reaction so produced, so that light baths are now a 
part of the routine treatment of phlyctenular keratitis in many clinics. 

Tuberculous Iridocyclitis; Sclerosing Keratitis. — In tubercu- 
lous iridocyclitis and sclerosing keratitis, supposed in most cases to be 
due to tuberculosis, local aj^Ucations of light have also Keen used. 
Koeppe’s 200 cases of iridocyclitis, which have been mentioned, were 
treated uith an apparatus which depended chiefly on the visible rays. 
Schanz used his arc light with uviol filter for similar conditions. Both 
Stock and Duke-Elder, however, report that no definite results are 
plained by local phototherapy in tuberculous iridocyclitis, although 
Duke-Elder believes a trial of such treatment is justified where tu- 
bercles are confined to the iris. Stock and Gilbert have seen good 
fcsults in sclerosing keratitis. 
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Lupus of the Lids; Conjunctiva- — ^Lupus of the lids and con- 
junctiva was first treated by Lundsgaard with the Finsen light, which 
he found superior for this purpose to the mercury vapor lamps because 
its spectrum contains more of the longer ultraviolet rays, so that a 
deeper effect is produced. The cornea was protected by cotton and the 
light applied to the everted lids, which were made anemic by pressure 
with a quartz applicator. Treatment lasted one to two hours, producing 
a second degree erythema with membrane formation. The water-cooled 
mercury quartz lamp requires much shorter exposures, and good results 
have also been obtained with it. Axmann used a mercury vapor arc 
with success in similar cases. He did not protect the cornea, and saw 
corneal opacities clear up under the irradiation. 

I have used general light baths in severe cases of phlyctenulosis, 
sclerosing keratitis, tuberculous iridocyclitis and iridocyclitis of un- 
kno\vn origin. I believe they have been of distinct value in clearing 
up these obstinate conditions, and have been encouraged to make 
use of them more frequently. Like foreign protein injections, light 
baths often seem to produce a sudden shower of antibodies in the 
blood, sufficient to start the healing process. Naturally other methods 
of treatment are not neglected in these cases. 

Trachoma. — Lundsgaard* submitted 109 eyes with trachoma to 
treatments wth the Finsen light by much the same technic. He 
reports that many were cured after one or two applications, old cases 
with the disease deep in the lids being among those cured. In some 
cases, more treatments, as many as seven, were necessary. Isaak 
treated 22 eyes in the same way with good results, the follicles often 
disappearing in one week. Mohr and Baum and Chotzen and Kuznit- 
sky used the water-cooled mercury quartz lamp with a special quartz 
applicator the shape of the lid, backed with metal so that the cornea 
was protected. In early cases, the results were much better than when 
the ordinary treatment was used, but in cases with extensive scar 
formation the effect was not deep enough. Marked clearing of the 
pannus was seen in many cases. Lundsgaard later (1918) reports 
that with the Finsen light, the length of treatments need be only 
20 to 30 minutes, and that two treatments often produce healing. 
In my hands treatment of trachoma by irradiation has been disap- 
pointing and I believe it is now seldom employed. 

Serpent Ulcers. — The treatment of serpent ulcers by light was 
begun by Hertel, who used a magnesium light in 26 cases. Two-thirds 
of these cases healed with much slighter scarring than was shown in 
similar cases treated by other methods. Schanz, in 1913, reported on 
the use of a carbon arc and also the quartz lamp, both of which de- 
livered light of short enough wavelength to kill bacteria in the cornea. 
WTiile his results %Yere good, he did not^believe they surpassed those 
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obtained by other methods, and gave up this form of treatment in 
favor of optochin. 

His arc light Tvith uviol filter and quartz lenses was in its essentials 
much the same as that used by Bir^-Hirschfeld. This author ® has 
been a most enthusiastic advocate of phototherapy for serpent ulcer, 
and considers it the treatment of choice, saying that it brings about 
healing in the shortest time udth the least scar formation. Up to 1924, 
he reported 280 cases treated in the Konigsberg Clinic, uitb 8.5 per 
cent of eyes lost. Hoffmann ® reports on 190 cases treated since then, 
with only 4.6 per cent of eyes lost. Before the use of phototherapy, the 
losses averaged 32 per cent. 

The arc light with uviol filter and quartz lenses was used for treat- 
ments of four to ten minutes, given once or twice a day. Fluorescein 
or rose bengal, 2 per cent, is first instilled into the sac to stain 
the cornea, as these dyes are believed to sensitize bacteria to the 
action of light. Birch-HIrschfeld advises using rose bengal for the 
first treatments, since it has the greatest effect on the organisms, then 
fluorescein, and finally, when there is delay in epithelization, rose ben- 
gal and short applications of light (3 minutes). Some interesting experi- 
mental work has been done by Passow ^ on these “sensitizers.” Ex- 
posing plates inoculated with Staphylococcus aureus to the arc light, 
he found that without sensitizers, 120 seconds were required to kill 
the organisms, while when fluorescein was first used, the organisms 
were killed in 30 seconds, and when 2 per cent rose bengal was used, 
in 10 seconds. With a Hammer lamp, which transmits chiefly visible 
rays, and rose bengal, the organisms were killed in 10 seconds, but 
without the rose bengal this light was without any effect. 

JIuch the same results were obtained when organisms were e.xposed 
m fluid of various depths, the Hammer lamp and rose bengal being 
the only combination which could kill organisms in layers 8 mm. deep. 
In pus the arc light with rose bengal was effective only in layers o.i 
mm, thick. In experimental corneal ulcers produced by B. suisepticus, 
irradiation with the Hammer lamp and rose bengal produced better 
results than the other methods which were tried, and seemed to justify 
the belief that such treatment in serpent ulcer could have a bacterici- 
dal effect. 

Bactericidal Epect . — Planck states that sensitizers increase the bac- 
tericidal effect of visible rays, but have no effect on ultraviolet rays. 
This opinion seems to be confirmed by Passow’s results, which appar- 
ently depended chiefly on the visible rays. Gilbert reports excellent re- 
sults in serpent ulcer with the Birch-Hirschfeld lamp, which has made 
paracentesis and the cautery unnecessary in his cases. Stock, how- 
®''er, who has tried the same light in various conditions, reports no 
E^d results in serpent ulcer. Passow’’s demonstration of the enormous 
eUKt of a very thin opaque layer of pus in diminishing the effect of 
light would suggest that a bactericidal effect would be verj' difficult 
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to obtain in a serpent ulcer when the bacteria were lodged in the par- 
tially opaque cornea and were covered by a layer of exudate. 

Herpetic Keratitis. — ^In herpetic keratitis, including dendritic 
ulcer and allied conditions, however, the virus affects the superficial 
layers and here, as would be expected, good results are reported by 
phototherapy. Stock reports almost unfailing success in these condi- 
tions, one treatment of five minutes often being sufficient. Peppmiiller 
reportb good results in severe cases. Of other forms of keratitis, phlyc- 
tenular keratitis has not usually shown a favorable response to local 
light treatments, while it does usually respond to general treatment. 
Interstitial keratitis has not usually responded well, although Hensen 
reports good results in the avascular form by the use of the air-cooled 
mercury quartz lamp locally for short exposures (one-fourth to one 
minute). Tuberculous keratitis has done well under treatment in the 
hands of Chotzen and Kuznftsky and others. Stock reports one good 
result in rodent ulcer. 

Blepharitis. — Blepharitis which does not respond to the usual 
methods has been treated by Dukc-EIder with the mercury vapor slit- 
lamp with good results, and by Poyales with the carbon arc light. 

Results from Use of Uviol Light. — Fifty-three cases were treated 
by the author with the uviol light. 

Serpent Ulcers. — The few serpent ulcers which were given photo- 
therapy were also given the usual forms of treatment, including ap- 
plications of optochin and trichloracetic acid and delimiting keratot- 
omy. Their course differed in no way from that of other serpent 
ulcers, except that the pain and photophobia were usually relieved for 
some time followng each treatment. In very early serpent ulcers, none 
of which were seen in this series, phototherapy might be effective and 
would cause a minimum of damage to the cornea. Perhaps better results 
would be obtained by employing, as Kubik in a personal communica- 
tion has advised, very long exposures, up to 15 minutes tivice a day. 

Corneal Lesions. — The most marked effect of phototherapy was 
seen, as might be expected, in superficial corneal lesions, such as her- 
petic or dendritic ulcers, which tend to spread over much of the cornea 
without involving the deeper layers. Here treatment by strong caustics 
or by paracentesis has, in my experience, been harmful, as apparently 
offering a foothold for the herpes virus on necrotic tissue, and allow- 
ing a deeper involvement of the cauterized areas. Fifteen such cases 
were pven phototherapy, an exposure of three to five minutes being 
given every two days, until the ulcer ceased to stain wth fluorescein. 
Rose bengal or fluorescein was used before treatment in all cases. The 
number of treatments required varied from four or five in mild cases 
to twenty-five in one case which showed several recurrences. All cases 
healed with a thin scar allowing useful vision, and although there were 
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recurrences in several, these responded to the same treatment. In most 
cases, the time required for healing was considerably shorter than 
that which would have been expected from the type of ulcer present. 
The most marked effect was seen after the first few treatments, and 
in five cases healing occurred after two to four treatments, with al- 
most negligible scar formation. (In one case, this occurred after one 
treatment.) Later treatments seemed to have less effect. While this 
may be explained by the assumption that the herpes virus was deeper 
seated in these cases, a distinct impression was formed that the cornea 
became tolerant of the light and ceased to be stimulated by it, or that 
the resistance of the virus to light \vas increased. 

In nearly all these cases, the effect of light treatments on the pain 
and photophobia was marked from the first. It seems remarkable that 
a patient suffering from intense photophobia can be made to look 
fixedly at the uviol light for five minutes with very little discomfort, 
and that he will afterwards be able to endure ordinary light much bet- 
ter than before. 

Epithelial Dystrophy. — ^Another condition which would seem es- 
pecially adapted to phototherapy is epithelial dystrophy of the cornea, 
and in the milder forms of this, showing no gross bleb formation, but 
containing, as revealed by the sHtlamp, countless minute areas which 
stain with fluorescein, some good results rvere obtained. Six such cases 
were treated, and although dionin was also given, they seemed to re- 
spond more rapidly than those given dionin alone. One case healed in 
thirteen days after five treatments, and the tension, which had regis- 
tered 24 Schiotz, decreased to 15. One case, which developed during 
iritis, healed in ten days after seven treatments. 

In one case of the severer form, with some deeper corneal opacities, 
the light treatment was without effect. Two cases of the probably allied 
condition of recurrent corneal erosion, in which large blebs were 
present, were given one to three treatments, but without marked effect, 
and abrasion and bandage were resorted to. No other reports have been 
seen of the treatment of epithelial dystrophy by phototherapy. Recent 
reports by Post and Green indicate a definite beneficial effect of photo- 
therapy in typical epithelial dystrophy. In the apparently very favor- 
able cases, it is impossible to state that the good results were due to 
phototherapy, since some cases respond very well to dionin. Here no 
organisms or virus can be made responsible for the condition, so the 
apparent effect of phototherapy must be due to a stimulation of the 
epithelium. 

Corneal Scar, — Of types of ulcer other than serpent ulcer and 
herpes corneae, a good effect was obtained in two cases of corneal scar 
^^th degeneration and ulceration over the scarred area, which healed 
after three and four treatments respectively. In one case of phlyctenu- 
lar ulcer, the effect was at first good, especially on symptoms, but the 
condition recurred during treatment. In another, no effect W'as noted. 
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Sclerosing Keratitis. — Because of the favorable reports of Stock 
and others on its use in tuberculosis of the anterior segment, photo- 
therapy was tried in three typical cases of sclerosing keratitis prob- 
ably due to tuberculosis, because of positive tuberculin reactions and 
negative results of a search for other causes. One very severe case did 
not return for more than one treatment. The other two, however, 
showed a quite distinct improvement on phototherapy. In these cases, 
where we do not know whether the tubercle bacillus is present in the 
cornea or sclera, and where a good deal of opaque tissue is opposed 
to the penetration of light, the assumption of a stimulating effect of 
light, producing a dilatation of the capillaries and bringing in a new 
supply of antibodies, seems the only one which wll account for the 
apparently marked improvement. 

Mooren’s Ulcer. — In one case of Mooren’s ulcer, the progress of 
the ulcer stopped during the first three treatments, but then began 
again in spite of further treatments. No effect was observed in two cases 
of extensive corneal erosion, one from lime burn and one from acid. 

Trachomatous Ulceration. — Of the five cases of trachomatous 
ulceration treated, three responded very favorably to phototherapy. 
Two of these cases had resisted all other treatment, and the light ap- 
peared to be the factor which turned the scale in favor of healing. In 
one of these, treatments were given twice daily for three days. 

Blepharitis. — ^The six cases of blepharitis subjected to light treat- 
ment were very severe ones, which had shown no response to yellow 
oxide of mercury, correction of refraction, and systemic treatment. 
Four responded very favorably, after twelve, three, six, and seven 
treatments, respectively. In two an autogenous vaccine was given at 
the same time, but in the other two the light ivas apparently the only 
factor responsible for cure. The uviol light was focused on the same 
area and moved back and forth for the same length of time. 
the results in these cases wxre apparently very definite, I do not insist 
upon them, as I have found two or three proper treatments with x-ray 
to be as effective, if not more so, in obstinate cases, and this treatment 
is less time-consuming for the patient. 

In using the uviol light, I have never seen any harmful effect on the 
lens or deeper structures, nor has the lesion treated ever been made 
worse by such treatment. 

Results from Use of Mercury Vapor Arc. — ^Twenty-eight cases 
were treated by the mercury vapor arc. In this series two sizes of 
quartz applicators were used in the treatments, one of eight millimeters 
for treating the lids and conjunctiva, and a small one of two and one- 
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half millimeters for small corneal lesions. In later work, the conical 
applicators described later were used. Through fear of causing painful 
light reaction, the dosage first used was small, but it was found that 
45 seconds could be safely used on corneal lesions, repeated, if neces- 
sary, on other areas of the same cornea, two to three minutes to the 
conjunctiva of one lid and fold, and to the whole lash border of each 
eye. The expected symptoms of light ophthalmia did not materialize. 
Only a few patients complained of burning after treatments, and in 
only one case were these symptoms severe enough to cause the treat- 
ments to be discontinued. One patient developed two punctate corneal 
infiltrations after his lids were treated, but these healed in 24 hours. 
The conjunctiva was treated by everting the lid and keeping the cornea 
under the opposite Hd. 

The best results were obtained in blepharitis, two cases being prac- 
tically healed after one treatment, and the other much improved. One 
case of dermatitis was entirely relieved of itching after one treatment, 
and the lids became smooth. The reaction around severe deep horde- 
olum seemed to subside rapidly after light treatment and the sty opened 
spontaneously earlier than was expected. One subsided after two treat- 
ments without becoming purulent. Chronic conjunctivitis with blephari- 
tis responded well when light was applied to both the conjunctiva and 
lash border. 

While the Birch-Hirschfeld lamp or Duke-Elder’s mercury vapor 
arc sUtlamp is probably the most effective instrument for applying 
light to corneal ulcers, the ordinary mercury vapor light or an air- 
cooled light with quartz applicators is almost necessary for the treat- 
ment of the conjunctiva and better for treating blepharitis, as larger 
amounts of effective ultraviolet may be delivered over larger areas 
than with the former instruments. I believe the cornea may also be 
treated effectively and safely with the mercury vapor light, by using 
small applicators and directing the light away from the pupil. The 
attachments for the use of this light made for Dr. Coulter of the 
Physical Therapy department, Northwestern University (.Fig. 3), are 
convenient for limiting the light to a desired area of cornea or lids, 
the apertures for the cornea varying from 1.5 to 5 mm. in diameter 
and being 3.5 cm. from the light, and the one for the lids and con- 
junctiva being a slit 5 mm. wide and 3 cm. long. With these, the use 
ol quartz applicators, which make the amount of light delivered a 
variable quantity, is unnecessary. 

Dosage. — The question of dosage, which is important, depends on 
several factors. When most of this work was done, no satisfactory 
sj’siem of measuring dosage had been arrived at. The time of ex- 
posure for the uviol light recommended by Birch-Hirschfeld was ac- 
cepted, since with this instrument large doses could be given with- 
out producing erythema or corneal erosion, and it was thought that 
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some of the effect was probably due to heat rays and to visible rays 
acting with a sensitizer. With the mercury vapor arc light, experiments 
on the rabbit’s cornea, and cautious clinical use of the light, indicated 
45 seconds for the cornea and two minutes to the lids as a safe dose, 
hlercury vapor arc lamps vary considerably in the amount of light 
delivered, and individual patients also vary in their reaction to given 
amounts. It now seems safest to try out each patient with the lamp to 
be used in order to find the time necessary to give a skin erythema, 



Fio. 3— Coulter’s applicators for ujing the mercurv vapor arc lisht. A, corneal appli- 
cators ot I s-3-5 mm diameter and holder. B, applicators for treating lids and con- 
junctiva. 


using 75 per cent of this as the initial dose for the cornea, and 75 
cent for each lid border or the conjunctiva of the lid. With a powerful 
light source, such exposures require considerably less time than the 
doses mentioned above. Even these doses may cause moderate reaction 
with marked photophobia, and the feeling of a foreign body persisting 
24 to 36 hours. 


Summary Of Phototherapy 

I. Beneficial effects of phototherapy, especially with ultraviolet 
light, may be explained in four ways: by a direct bactericidal effect, 
by stimulation of the epithelium, by improved nutrition from the 
hyperemia produced, and by an increase in the antibodies of the blood. 

II. General light baths with the mercury vapor arc are of great 
benefit in phlyctenular keratitis and in ocular conditions due to tu- 
berculosis. 

III. Local phototherapy is of benefit in superficial corneal ulcer, 
tuberculosis of the cornea and conjunctiva, and blepharitis. 

IV. Heretic lesions show the most marked effect of such treatment, 
some healing after one or two treatments. 
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V. No marked results were seen in serpent ulcer in this series, but 
the reports of others would seem to justify a trial of such treatment, 
especially in early cases, other forms of treatment not being neglected. 
The leti^ of treatment in these cases imght well be increased to ten 
minutes twice a day. 


Diathermy 

Diathermy, medical and surgical, has not attracted so much atten- 
tion from ophthalmologists as has phototherapy, if one is to judge by 
the relatively small number of reports in the literature. A recent hand- 
book by Monbrun and Casteran “ presents evidence of distinct advan- 
tages for these methods in a number of ophthalmologic conditions. 
These authors point out the danger of generating intense heat near the 
eye and state that it should never be employed for the treatment of 
intra-ocular diseases. Medical diathermy has been shown e.xperimen- 
tally to increase intra-ocular tension and so should never be employed 
in glaucoma. The forms of apparatus commonly employed are not 
suitable for use in ophthalmology, where much weaker currents must 
be utilized. A special milUamperemeter recording currents below 500 
milliamperes is necessary and this current should ordinarily not be 
exceeded, These authors describe (Figs. 4 and 5) a special ebonite 
handle with applicators in the shape of delicate needles, hooks and 
blunt instruments suitable for surgical diathermy about the eye, and 
a set of metal eyecups fitting over the closed lids to be used for a more 
diffuse heat effect (medical diathermy). The lids are controlled by a 
glass lidholder. While some such special equipment for ophthalmic 
work is necessary, this need be neither cumbersome nor expensive, 
and with the precautions mentioned above, certain procedures may 
apparently be carried out very conveniently and with perfect safety. 

Trichiasis. — One condition in which there is no doubt of the efficacy 
and convenience of diathermy is that of trichiasis, where a few lashes 
must be destroyed. The generally used method of electrolysis, while 
effective, required that the current be continued 30 seconds for de- 
struction of each lash follicle, and in spite of careful local anesthesia, 
can seldom be accomplished without some pain of a very unpleasant 
kind, with a tendency for the patient to make involuntary jerking 
movements. Surgical diathermy requires only one second for the de- 
struction of each lash, and after infiltration with novocain the pro- 
cedure is painless. iMonhtun and Castecan advise the use oC a single 
sharp needle, which is inserted in the follicle, as the active electrode, 
the indifferent electrode not being connected. A current of only 150 
milliamperes is used, for one second, and the current is shut off with 
the foot pedal before the needle is removed, as otherwise a spark will 
be produced. If the lash resists gentle traction with the lash forceps, 
the coagulation has not been sufficient and should be repeated. A 



— Diathermy apparatus in box {ot sterilization. (From Monbrun and Casteran.) 
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number of lashes may be removed in this way at a single sitting, but 
if more than six to eight inturned lashes are present, it will be more 
convenient to perform a plastic operation. The same method may be 
employed for the corneal portion of a pterygium but is more compli- 
cated than surgery. 

Chalazion. — Chalazion of the ordinary type is also more simply at- 
tacked by surgery, but where a small chalazion is present on the free 
lid border, rather a delicate surgical procedure is required with the use 
of a stitch. Here diathermy presents distinct advantages because of the 
slow necrosis produced, with resulting delicate and practically invisible 
scar. Here the ordinary method is employed, with a large indifferent 
electrode under the patient, and a small needle as the active electrode. 
This is passed into the chalazion after infiltration and a current of 
200 to 300 milliamperes is used for one second, this being repeated 
two or three times with the position of the needle slightly changed, 
according to the size of the chalazion. 

Division of Cicatricial Bands of Orbit. — Another use of surgical 
diathermy which seems important, if the e.xperience of these French 
observers is confirmed by others, is the division of cicatricial bands 
of the orbit -which prevent the wearing of an artificial eye. When these 
are divided surgically, adhesions invariably occur, so that free grafts 
of skin or mucous membrane are necessary. On account of the delicate 
and nonretractile scars formed after electrocoagulation, it is claimed 
that such bands may be simply coagulated with a needle-hook, using 
the same method with two electrodes. The bands should not be cut, but 
only sufficient current and traction should be used to turn them white, 
usually two to three seconds of 200 to 300 milliamperes being suffi- 
cient, No sutures or dressings are necessary, A temporary small pros- 
thesis may be worn immediately afterwards and a permanent one made 
after 15 days, when elimination of the necrotic tissue is complete. The 
same procedure may be used for neoplasms of the lids, using the elec- 
trode knife, with the advantage that a “barrage” can be made at the 
periphery by partial coagulation which will prevent the escape of 
tumor cells from the diseased area. In many cases, however, excision 
of the tumor with plastic repair is preferable. 

Large Tumors. — In large tumors requiring evisceration of the 
orbit, surgical diathermy * has long been used, because such coagula- 
tion blocks avenues of extension and may be performed w’hh very lit- 
tle bleeding. For this purpose the use of two active electrodes is advan- 
tageous (see Fig. 6), the indifferent electrode being replaced by a 
branched handle carrying two small electrodes a short distance apart. 
An intense heat is generated only in the zone between these two elec- 
trodes. This allows complete destruction of neoplastic tissue without 
danger of bony necrosis which may occur after using the other meth- 

surgical dialherinj at nied here u »ynonymoui with the term electro- 

srry u»fd m other chapters 
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ods by which the zone of radiation cannot be so accurately localized. 
A current of slightly over 500 ma. is necessary. Monbrun and Casteran 
recommended that such large growths be destroyed in several sittings. 



Fic. 6. — Diagram of surgical diathermy with two active electrodes (From Monbrun and 
Casteran.) 


This possibility of dividing the operation without fear of causing ex- 
tension is one of the great advantages of the method, as after the 
slough has separated, one can judge the necessity of further interven- 
tion. 

Orbital Cellulitis. — The indications for medical diathermy in dis- 
eases of the eye are by no means well established. Perhaps the only 
condition in which it has advantages is the occasional orbital cellulitis 
which does not localize well enough for incision to be effective. Here 
a large sheet of tin or aluminum is moulded to cover the region which 
is used as the active electrode, the still larger indifferent electrode 
being beneath the patient. It must be remem^red that the larger the 
active electrode, the less beat is generated at any point, so that this 
method avoids a degree of heat dangerous to the eye, provided that 
only 200 to 400 ma. be employed, and the current reduced when- 
ever the heat becomes uncomfortable to the patient. Treatments should 
begin with 5 to lo minutes and should be increased to not over 25 
minutes, being repeated every two to three days. Marked relief from 
pain may result from such applications in the neuralgia of herpes 
zoster, and Monbrun and Casteran report good results in certain cor- 
neal ulcers, especially those following facial paralysis. It seems best to 
follow their advice not to employ diathermy in intra-ocular diseases, in 
spite of reported good results in relatively small numbers of cases of 
various conditions by Ixiffler and WeHisch ** and others. These authors 
employed the method in glaucoma, in which experimental evidence, 
according to the French authors, definitely contra-indicates it. 

ctnrp the surgical treatment of retinal detachment was shown by 
('■ ■ : ■ ♦ •'•’♦hors have employed some form of 

the retinal 
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lation. This is administered either through the exposed sclera by the 
flat or ball-shaped electrodes of Weve, or directly into the choroid by 
the pins of Safar, Walker or Weve, which are forced through the 
sclera under a current of 6o to 75 ma. For surface coagulation of the 
sclera which is often employed with perforating diathermy, a current 
of 150 to 200 ma. is employed, each area being treated for five to six 
seconds. For the detachment operation the apparatus of Walker is 
satisfactory, but others generating higher current for electrosurgery 
may also be employed. 

The use of high frequency currents (electrolysis) has been em- 
ployed for treating retinal detachment by Vogt, Walker and others. 
Very careful localization of the retinal tears is necessary, their edges 
being touched directly with fine needles generating high frequency 
currents of very low amperage, seldom over 1 to 2 ma. 

Instruments. — It is regrettable that instruments for diathermy are 
not standardized so that a stated dosage will be the same with all 
instruments. On account of variations in voltage and other factors, the 
doses in milliamperes given above will have only a relative value, 
indicating to the physician a very weak or very strong coagulating 
effect desired, from which he must calculate dosage with the machine at 
his disposal. Fortunately the immediate local effect of the electrode on 
the tissue furnishes the best evidence of the total dosage required. 

The number of cases in the private practice of the average ophthal- 
mologist really suitable for diathermy will be too small to warrant 
his obtaining the full equipment necessary. Such equipment, however, 
IS now available in most modern hospitals and clinics, and the eye de- 
partment of many such institutions could easily obtain the slight addi- 
tional equipment necessary to treat ophthalmologic cases. Hence the 
modern ophthalmologist will wish to be prepared, so that he may per- 
sonally supervise the use of medical diathermy or employ surgical 
diathermy in the occasional cases where they are definitely indicated. 

The Thermophore 

A device for the accurate application of ordinary heat to lesions 
of the eyes and adne.xa is the thermophore, described some 15 years 
3 go by Shahan. This is an electrically wired unit which may be ad- 
justed to any desired temperature, with metal applicators to fit small 
lesions of various shapes and sizes. Post has recently summarized 
uses, emphasizing especially its effect in deep infiltrations 
of the cornea which are not accessible to antiseptic agents. Here a 
femperature of 63 ° C. (145.4 ° F.) is applied for one minute. Small 
Srunulomas of the free lid border which are probably of the 
same nature as chalazia yield readily to the same treatment, and 
wnihelasmas are sloughed off W’ith a minimal scar following one or 

"o such applications, he states. This instrument is not so widely 
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used today, apparently, as it was soon after the perfected model 
appeared, and this is probably because the results in serpent ulcer, for 
which it was especially advocated, proved disappointing. 


X-Ray and Radium 

In the use of x-ray and radium, precautions against harmful effects 
on the ocular structures are even more important than in the forms 
of physical therapy previously discussed. The hard roentgen rays pene- 
trate the lids and cornea and are. absorbed in large part by the lens, 
where the resulting reaction has in a number of cases produced cata- 
ract. This has usually followed large doses given for carcinoma of the 
lids or for lupus. Stock reports such a case in which glaucoma also 
developed following one irradiation of no per cent skin erythema 
dose, and another following repeated small doses. A fairly large num- 
ber of other cases have been reported and we now know that small 
repeated doses have a -cumulative effect, and that the lens changes 
may not appear for long periods after the irradiation, often not for 
one and one-half to three years. 

Individuals vary greatly in their susceptibility to x-rays, which 
must be remembered in considering the absence of lens changes ob- 
served by Birch-Hirschfeld after intensive irradiation of animals and 
the statement of Rados and Schinz that 150 per cent skin erythema 
doses were tolerated by the eye without reaction in their cases. Dam- 
age to the lids and cornea is also possible, the permanent loss of cilia 
being a not uncommon and sometimes necessary result of irradiation 
for carcinomas of the lids. Stock quotes, besides his own, several cases 
of glaucoma apparently resulting from x-rays. 

^Vhe^e the lids or orbit are to be treated, the globe should always 
be protected. Stock advises the use of Muller’s lead-glass prostheses, 
which cover the corneas like artificial eyes. I have been informed, 
however, by roentgenologic colleagues, that the amount of lead in 
these prostheses is insufficient for prot«:tion, and have used sheets of 
leadfoil moulded in the same manner. The glass reform eye filled with 
mercury which was used by Rohrschneider gives a layer of mer- 
cury ample for protection, and is comfortably worn (Fig. 7). Fro* 
tection of the globe is not possible when neoplasms of the cornea or 
bulbar conjunctiva are treated, and hence surgery is more practical 
for these when possible. Small carcinomas of the lids, also, when seen 
early, may usually be excised completely with primary plastic closure 
of the defect, the cosmetic effect being as good and the time consumed 
much less than is required for irradiation. A recent patient with car- 
cinoma in the middle of the lower Ud chose radium treatments in- 
stead of surgery, and is apparently cured, but \vith a resulting defect 
involving half the lid which is at least twice as extensive as the area 
which would have been removed surgically, and will be twice as 
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difficult to close. When neoplasms involve the inner or outer angle, 
however, or are adherent to the bony orbit, remov-al presents a much 
more difficult problem and here radium or x-ray is definitely indi- 
cated. Large orbital neoplasms adherent to the orbital walls are often 
treated by evisceration of the orbit, followed by radium or x-ray. 
Regaud and associates have shown that such previous surgery in- 
creases the danger of bony necrosis from subsequent irradiation, and 
claim better results in cases where no surgery has been attempted. 
In treating such conditions, large amounts of radium or modern x-ray 



Fic. 7.--ProtectI\e refonn eye holding mercury (Made by Matter and Gougelman after 
Rohrschneider ) 

equipment are necessary and they should be undertaken only by men 
who have had a great deal of experience in the treatment of malig- 
nancy. Whether surgical diathermy should replace irradiation in many 
of these cases cannot yet be decided. 

Advantages of Radium and X-Rays. — Kumer and Sallmann " 
nave summarized the respective advantages of radium and x-rays. 
The rays of radium are much more penetrating than x-rays, lo cm. 
of lead being necessary to absorb the former, as against 3 to 5 mm. 
of lead for the latter. While it is thus more difficult to protect 
the globe against radium, the small tubes of radium or its emanations 
01^ be so placed as to exert most of their effect on the new growth 
2nd little on the eye, and hence radium is to be preferred for small 
umors of the lids. It may be inserted into large orbital tumors in the 
_orm of radium needles, or as seeds of the emanation which are left 
^“^or till their activity is exhausted. In these ways every part 
of reached, and the danger to the globe, the function 

which is in any case usually doomed, need not be considered. Cer- 
>n neoplasms are more sensitive to radium than to roentgen rays. In 
va f covering large areas of skin, however, x-rays have the ad- 
ntage of covering the whole area uniformly and since the rest of the 
Jn and the globe may be protected by lead, the irradiation may be 

40l>| 
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much more accurately confined to the desired area. In new growths of 
the bulbar conjunctiva and cornea, better results have been re* 
ported from the use of radmm. The freedom of the globe from dam- 
age in most of these cases is apparently due to the small dosage neces- 
sary for the destruction of these growths and to the fact that the 
hard rays which penetrate the globe require for a harmful effect five 
times the dosage of the soft rays, \yhich are most effective in destroy- 
ing the tumors. 

Harmful Effects. — The harmful effects of overexposure of the 
eye to radium are practically the same as those produced by x-rays. 
About the same number of cases of keratitis, cataract, and glaucoma, 
most of which are mentioned by Kumer and Sallmann, have been re- 
ported after radium as after x-ray treatment. The dosage which is 
tolerated is apparently, according to these authors, somewhat higher 
than that of x-rays, roo per cent skin erythema dose being about the 
upper limit of safety for one application and 300 per cent for the 
total dosage divided over a year. The lids must be considered espe- 
cially sensitive to radium, 60 to 70 per cent of a skin dose being suffi- 
cient to produce an erythema of this region and a full skin dose often 
causing considerable damage. The lash-border must be kept out of 
the field where possible. With x-rays, Stock cautions against a total 
of over 100 per cent erythema dose, unless the globe is protected. 

Protection, — Although Kumer and Sallmann describe prostheses 
for the protection of the eye during radium treatments, they admit the 
impossibility of adequate protection by any filters and recommend 
protection by careful removal of the applicators to the proper dis- 
tance from the globe by special devices. The only real purpose of the 
lead glass prostheses of Miiller or the molds of paraffin placed under 
the lids as described by Hoed, Stoel and de Vries is to bold the hds 
away from the globe and so increase its distance from the radioactive 
agent. Greater distance is obtained by mounting the tubes on wood 
blocks of various sizes or in the special wax-composition blocks now 
being used in most radium institutes (Fig. 8). Most of the irra- 
diation therapy of eye diseases will naturally be performed by sp^ 
ciah’sts in this form of treatment, and many details of dosage and 
technic must be left to their judgment The ophthalmologist sboul(h 
however, be familiar enough with the principles of roentgen and 
radium therapy to advise with the radiologist on his individual cases 
which often present problems of protection, or attack with which the 
latter may not be familiar. 

Conditions Suited to Treatment. — Vascular nevi about the lids 
are especially suited to treatment mth radium. This is especially true 
of capillary hemangiomas, in which the cosmetic result Is usually far 
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Fic 8. Waj prosthesis \<iih lead filters for irradiation rsith ndiura at 3 cm. (From 
Kumer and Sallmann ) 
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better than can be obtained with surgery, and often almost perfect 
(Fig. 9). The earlier these cases are treated, the more readily do 
they respond, since the young vessels are especially sensitive to 
radium. Nevus flammeus, large blood cysts or hemangiomas supplied 
by large vessels do not yield so readily and some of these are better 
treated surgically. Xanthelasmas are usually easy to remove surgi- 
cally, with practically invisible scars, and it is only in the case of un- 
usually large ones that radiation will be considered. In spite of the 
favorable reports of many authors, Kumer and Sallmann consider 
them as not especially adapted to radium therapy. Carcinomas and 
sarcomas of the lids require no special discussion here, aside from 
what has been said as to the types suitable for irradiation (Fig. 
10). Detailed case reports, with indications for and against roentgen 



Fio. 10 — Carcinoma of the inner cantbus before and 3 months after curettage and 
radium treatment. (Kumer and Sallmann ) 


and radium therapy, will be found in the monographs of Kumer and 
Sallmann and of Stock, and in the article of Regaud and associates, 
previously referred to. 

BLEPitARiTis. — Among the ophthalmologic conditions in which roent- 
gen therapy is especially useful is blepharitis of the more severe type 
which has proved refractory to the usual methods. Here two or 
three x-ray treatments will often entirely relieve a condition of years’ 
standing. A technic for which I am indebted to Dr. J. Borghoff, of 
Omaha, Neb., has proved effective with my patients and has produced 
no harmful effects. The rest of the lids being protected by lead foil, 
the lid borders are exposed to a current of three milliamperes, with 
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six-inch spark gap, at eight inches* distance, for 40 seconds to one 
minute. This is repeated weekly and usually three treatments are 
given. This is from one-fifth to one-half of the epilation dose. Other 
authors advise one-third of a skin dose as a routine for this condition. 
The lashes have never been lost, even temporarily, in my cases. The 
same method of treatment is used for cases of chronic dermatitis of 
the lids and is equally effective. The smaller of these doses is usually 
sufficient for this condition. 

Pituitary Tumors. — The treatment of pituitary tumors is of espe- 
cial interest to ophthalmologists, and here the question of irradiation 
often comes up. The adenoma is the only form of pituitary tumor 
that is responsive to irradiation, this treatment being of no effect 
in the Rathke’s pouch type of tumor or in cystic tumors, and 
of little effect in meningiomas. Where these latter types can be 
ruled out, a trial of irradiation may be made. In some cases, such 
a trial may give diagnostic evidence as to the type of tumor, and 
in cases in which the patient refuses operation, a trial of irradiation 
is indicated unless a Rathke’s pouch tumor can be definitely 
diagnosed. Roentgen therapy is usually the only method of irradiation 
to be considered, since radium therapy cannot be directed to the 
site of the tumor without producing incalculable damage to the 
surrounding important structures. Only in the case of a tumor which 
has eroded the floor of the sella turcica, or where sellar decompres- 
sion has been done, may radium be used through the sphenoid region 
in addition to roentgen therapy. The technic, as used on my patients 
by Dr, A. F. Tyler, is as follows: 


Voltage 135 K.V. 

Distance 40 cm. 

Filter 5 mm copper 

-Amperage S ma. 

Time 40 min. 


Such a treatment was given to each temporal area, with the tube 
directed to the sella turcica, a week being allowed between the treat- 
ments. After a month or more the treatment may be repeated. 

In cases which show further visual loss in spite of this treatment, 
no time should be lost in resorting to surgery. 

Br.mn Tumors, — In the case of brain tumors which are inoperable 
and are damaging the vision in spite of decompression, a trial of 
(leep roentgenotherapy may be made with the possibility that the 
tumor’s growth may be checked or that the resulting atrophy of 
ine choroidal ple.xus will diminish the pressure from an internal 
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hydrocephalus. A form of dosage for this, also furnished by Dr. Tyler, 
follows: 

Voltage 200 K.V. 

Distance 50 cm. 

Filter 0.7s mm. copper, 

I mm. aluminum 

Amperage 4 ma. 

Time 100 to 200 min. 


This dosage is divided between two lateral areas and is estimated 
for each case by the modified Dessauer charts. 


Intra-ocular Diseases. — ^The use of roentgen therapy for intra- 
ocular diseases, especially tuberculous iridocyclitis and choroiditis, 
must be considered as still in the experimental stage. Since the lens 
cannot be protected in such treatments, there is always some danger 
of producing cataract, although this has been avoided in most cases 
by the use of small doses. Scheerer and Stock, after trying larger and 
smaller doses, settled upon 15 to 20 per cent erythema dose, repeated 
after seven weeks, as the most effective dosage which could be safely 
used. The long interval is advisable to avoid the secondary reaction 
which often occurs after four weeks. Stock advises no more than a 
total of 60 per cent erythema dose in a year, divided into three or 
four applications. Stock and Scheerer, out of 38 cases, report some 
good results in very severe cases. The use of three-fourths 
erythema dose given during three weeks as advised by Gilbert, ac- 
cording to Stock’s experience would seem to be too large, and with 
that of Braun and Herrenheiser, one-sixth to one-eighth skin dose, 
the interval of seven days is apparently not long enough to avoid a 
cumulative effect. These authors report three cases of tuberculous 
choroiditis treated with good results, but Stock has seen similar cases 
develop fresh lesions during treatment and considers the effect of the 
treatment in their cases as doubtful. Although, in the severe cases of 
tuberculous uveitis and sclerosing keratitis which have resisted other 
treatment, a trial of small doses of x-ray is apparently indicated, 
its use in ordinary iritis, as advised by Horvath, is certainly not nec- 
essary, as other perfectly safe methods are usually effective in these 
cases. 

Vernal Conjunctiyitts. — ^A very definite indication for the use 
of radium exists in the still little understood condition of vernal con- 
junctivitis. A number of these cases are relieved of their symptoms 
by adrenalin, by intravenous injections of afenil, or by desensitization 
to some specific protein. Others, however, are not so relieved, espe- 
cially the cases with large flat papillae of the upper lid, and these 
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cases should be given an opportunity to try radium therapy, as many 
are relieved only by this means. I have used the technic recommended 
by Dr. Laura Lane of the Todd Memorial Institute, and in three very 
obstinate cases have seen almost entire relief from symptoms, with dis- 
appearance of most, if not all, of the papillae and their replacement 
by smooth scar tissue. Radium is much to be preferred to x-ray in 
these cases, the latter not having, apparently, the same effect on the 
condition. Loss of lashes has not occurred, in my experience, when the 
following technic, kindly furnished by Dr. Lane, was adhered to. 

Method . — In the palpebral form the following method of using 
radium in vernal conjunctivitis has proved effective. 

Amount: 15 to 20 milligrams of element or the same number of 
millicuries of radon are used with the following screening: 

Platinum 005 mm. 

Brass x.oo mm. 

Rubber x.oo mm. 


The platinum may be used as the casing or cover of the element 
contained in a needle form or as the screen of a radon tube. This 
platinum container is placed in a brass capsule and the whole is cov- 
ered with rubber or dental dam. 

Distance: This tube is placed at one centimeter distance from the 
closed lids. A piece of Columbian paste or gauze is placed between 
the tube and the lids to keep the radium at the proper distance. 

Duration of Exposure: The duration of the exposure is from one- 
half to one hour, according to the age of the patient and the severity 
of the disease as well as the amount of radium used. The first dose 
is usually applied for only half an hour in order to judge somewhat 
the sensitivity of the patient. 

Interval; The sitting is not repeated under 20 to 24 days, according 
to the response obtained and the severity and the duration of the 
disease. Three to four such sittings are given. It is often necessary 
to lengthen the interval between sittings to three weeks. 

Direct Application: At the time of the above sitting, in addition 
to the radium applied through the closed lid, a direct application to 
the everted lid is made. No screen is used other than the platinum. 
The amount of radium used is preferably a 15 mg. platinum needle. 
This is sterilized by placing it for a few minutes in a 10 per cent forma- 
lin solution, followed by 70 per cent alcohol and then by sterile water 
which is wiped off with sterile gauze. A few drops of a one per cent 
cocaine or butyn solution may be used to make the everting of the lid 
Iks unpleasant. The needle is moved slowly across for three minutes, 
nt a distance of two millimeters. 

Rest Interval: After the third or fourth application, according to 
the response and the severity of the disease, a rest is given for two or 
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more months. Then a similar series of treatments is repeated. The 
interval between these treatments is two weeks. In the more stubborn 
cases which have lasted for years and in those cases subjected to much 
previous caustic treatment, it is well to give a third series some months 
later, particularly later in the winter. 

Operation and Irradiation: When the papillae are very dense and 
cobblestone-like, much time will be gained and a more satisfactory 
response obtained by anesthetizing the palpebral conjunctiva and 
snipping off or rolling the papillae; then applying a five milligram 
varnish applicator plaque, screened with one millimeter of rubber, at 
two millimeter distance, for three to five minutes at a sitting. Sittings 
are repeated at intervals of two weeks for three doses. It is often neces- 
sary to follow this series by one of irradiation through the closed lids. 
The application of the platinum needle by the direct method may be 
used instead of the plaque, the exposures being slightly longer but 
not exceeding lo min. A needle plaque, of one or five milligram needles, 
can be used. 

Hypertrophic Bulbar Form: In the hypertrophic bulbar form of 
vernal conjunctivitis, the use of a lo or 15 mg. platinum needle (0.05) 
for three to five minutes, at two mm. distance once in 10 days for three 
doses, is recommended. A second series of treatments may be given in a 
month using in this series one millimeter of rubber to screen the 
needle. The radium must be kept moving constantly above the area 
being treated so that an even distribution of the rays is obtained. Ex- 
cept in early cases, seen during the first year of the disease, screened 
applications through, the lids will be necessary. 

Quick, of the hlemorial Institute, reported the results in 82 cases 
of vernal conjunctivitis treated by irradiation, the largest series which 
I have found on record. His results were good, as 40 cases were 
apparently cured, 25 of these having been seen after one to nine years, 
and 32 were definitely improved. He recommends a technic quite dif- 
ferent from Dr. Lane’s, an “active deposit” of radium emanation 
collected on lead foil, which is placed under the lids. Two hundred 
to 400 millicurie minutes are used for each eye in a treatment, and 
only a few such treatments at relatively short intervals are advised. 
Since the preparation of such “active deposit” is possible only in spe- 
cially equipped institutions, he suggests the use of plaques of the 
element prepared to fit under the lids, with protective metal back and 
handle, the element being held in place by shellac which gives slight 
filtration. He cautions against treatment through the lids, as involving 
danger to the lashes and as requiring the use of harder rays with the 
resulting danger of producing cataract, of which he has seen several 
examples. Local infections of the lid borders must be cleared up as 
irradiation in their presence is likely to be followed by corneal in- 
volvement. Repeated doses over long periods are also dangerous, he 
believes. He concludes that in spite of the good results obtained, 
radium should be reserved for cases in which all other methods have 
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failed, on account of the dangers, especially to the lens, inherent in 
its use. 

Woods has recently described the use of radium emanations, 
tubes delivering almost exclusively beta rays being employed. Such 
preparations are so superficial in their effect and so free from deeper 
rays that, according to iVoods, 50 times the erythema dose might 
be given without danger of producing cataract. He employs this 
method in vernal conjunctivitis and also in some chronic inflamma- 
tions of the sclera and anterior uveal tract, apparently with success. 
It is especially recommended in tuberculosis of the anterior segment. 
The dosage with this method varies but in general the emanation 
from I Gm. of radium is applied for a total of 35 to 40 seconds, this 
being divided into four to six weekly doses. Such a course may be 
safely repeated after several months. 

Intra-ocular Tuiiors. — In the case of intra-ocular tumors, glioma 
(retinocystoma) and sarcoma, the hopes aroused during the early days 
of irradiation therapy have only in small part been fulfilled. Here, 
however, the danger of such treatment to an otherwise doomed eye 
need not be considered a contraindication, and since a few definite 
cures have been reported, irradiation must be considered in certain 
cases. Naturally, where only one eye is affected, enucleation is still 
absolutely indicated. It is only in bilateral glioma, especially where 
the second eye is much less involved, or in sarcoma of the only seeing 
eye, where enucleation is decided against by the patient, that irradia- 
tion should be undertaken. In the case of glioma, this should be pre- 
ceded by enucleation of the first eye, unless both eyes are equally 
involved. Of a fair number of gliomas in which irradiation has been 
employed, most have shown a temporary decrease in size of the tumor, 
followed by renewed growth and the usual outcome. Of those treated 
by radium and mesothorJum, Kumer and Sallmann record only one, 
that of Schdnberg, in which a cure was obtained with vision of 2/20 
after 10 years, during which a cataract developed and was extracted. 
Schonberg used 144 millj’curie hours, followed in six months by 456 
triillicurie hours, and again, after two years, by 3,036 millicurie hours, 
with filtration for the use of gamma rays To this case must be added 
that of Benedict,” the patient being a child of four with a growth in- 
'■Diving the retina from near the nerve forward almost to the ora serrala 
OD one side. Six thousand milligram hours of radium were given, with 
treatments repeated after six months until 90,000 milligram had been 
given. The tumor disappeared, leaving only a flat scar and vision im- 
proved to 6/7. After five years lens opacities developed, reducing vision 
to 0/60, but there was no recurrence. The diagnosis of glioma was con- 
irmed by sections of the enucleated first eye. While dosage must vary 
With individual cases, in general it may be said that gamma rays should 
e employed, and that the method of cross-fire irradiation, with the 
adioaciive substance at 2 to 3 cm. from the eye, is to be preferred. 
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One-fifth skin dose daily every second day for six to eight treatments 
is recommended by Kumer and Sallmann, with further treatments 
after two to three weeks as indicated by the result obtained. A num- 
ber of cases of glioma treated by radium have been collected by Stal- 
lard/'^“ whose monograph contains valuable information concerning 
irradiation of other ocular conditions. The methods employed by him 
consisted in inserting radon seeds directly into the tumor through a 
scleral incision or applying them to the sclera directly over the tumor. 
Some encouraging results were reported. 

Roentgen therapy has to its credit only the one definite case of 
Verhoeff and that of di Marzio.*® The diagnosis in Hilgartner’s ap- 
parently favorable case was not made by sections of the first eye. See- 
felder’s case,"® quoted by Kumer and Sallmann as successful, showed 
retrogression of the tumor following 30 H. E. D., but it recurred later. 
In Verhoeff’s case a very small growth in the second eye of a 
months’ old child was treated by a “suberythema dose” repeated eight 
times during a year. Three years later only a small scar was visible 
and vision was about 20/30. No lens opacities developed in this case. 
I was able to examine this patient in Dr. Verhoeff’s clinic, more than 
three years after treatment was begun. In a case reported by di Marzio 
a clinical cure was maintained for four years with preservation of use- 
ful vision by a 200 per cent skin erythema dose divided over several 
treatments. The first eye was enucleated. In another case a similar 
result was obtained but this has been under observation only five 
months. 

Stock advises 180 per cent erythema dose, but this will vary greatly 
with the case. Cataract cannot in most cases be prevented, but this 
should not preclude the giving of effective dosage, and has not af- 
fected the ultimate result in the successful cases, after radium.^ 

Although a number of melanosarcomas of the choroid, occurring in 
the only seeing eye, have been irradiated, in none of these, so far as 
the author knows, can a cure be claimed. R. Foster Moore has re- 
cently reported an interesting case in which radon seeds were intro- 
duced into the tumor through a scleral incision, with resulting marked 
decrease in the size of the tumor and vision 3/60 after one year. It is 
much too soon to speak of a cure in this case, but this method gives, 
perhaps, the best chance of success in these otherwise hopeless cases. 

Irradiation After Enucleation, — Irradiation of the orbit after 
enucleation for glioma or melanosarcoma has long been practiced by 
many ophthalmologists. ^Vhere careful examination of the enucleated 
eye, especially of frozen sections of the orbital end of the nerve in 
glioma, shows evidence of extension into the orbit or past the cut end 
of the nerve, irradiation is positively indicated, usually after eviscera- 
tion of the remaining contents of the orbit. Even where such examina- 
tion shows no extension, some believe it safest to irradiate as a pre- 
caution. The necessity of this is doubtful, however, especially in 
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melanosarcoma, since clinical experience has shown the rarity of local 
recurrence in this condition. Von Hippel, who has studied the subject 
carefully, believes it is sufficient to enucleate in these cases, and Wat- 
zold, who formerly advised postoperative irradiation in every case, 
finds that recurrences fail to appear even in some cases showing evi- 
dence of extension, so that he now joins in von Hippel’s opinion. The 
prevention of metastases by this means is doubtful, as is the preven- 
tion of glioma of the second eye, and since the scar tissue resulting 
from irradiation often makes the wearing of a prosthesis impossible, 
one hesitates to advise its use without more definite evidence of addi- 
tional safety afforded. Where extension has occurred, or where one is 
in doubt, intensive x-ray or radium therapy should be given. Both 
methods have their advocates, and probably both methods should be 
used, radium needles or radon seeds being introduced into the orbit, 
and x-ray in addition. The x-ray will allow the dose of radium to be 
kept small enough to avoid bony necrosis. Where evisceration has been 
done, x-ray alone is to be preferred to avoid this complication. 

^lULTiPLE Lymphomas. — A condition which is especially sensitive 
to either x-ray or radium therapy is that of multiple lymphomas of 
the orbit. These growths, which are usually symmetrical and form 
puffy swellings of all the lids, fairly melt away under the influence of 
either of these agents, and in case of doubt as to the diagnosis, a 
trial of irradiation should be made. 

Grenz Rays. — A form of irradiation therapy which has been ap- 
plied in ophthalmology is the use of the Grenz rays described by 
Bucky. These are rays of a length between the short ultraviolet and 
the long x-rays, and are absorbed almost entirely in the surface layers 
of the skin and mucous membranes, only 12 per cent penetrating 
deeper than 3 mm. Reports by Krasso from the Jleller Clinic in 
Vienna indicate marked beneficial effects in dendritic keratitis, blepha- 
ritis, rosacea keratitis, superficial corneal ulcers and sclerosing kera- 
titis from this form of treatment. As compared with x-ray and radium, 
the method is very safe, and further reports on its use will be awaited 
ivith interest. 

Pfeiffer has employed Grenz ra}^ in a large number of ophthal- 
mic diseases and observed encouraging results especially in superficial 
corneal ulcers and in sclerosing keratitis. 

Massage 

Massage is used chiefly in treating three conditions. In corneal ulcer 
the clearing of the corneal scar is probably hastened and promoted 
by gentle massage of the eyeball with a finger held over the closed 
has (Fig. ii). Two per cent yellow oxide of mercury ointment is 
usually used in the conjunctival sac for lubrication and as a mild 
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irritant. The finger moves the lid back and forth over the cornea, 
such massage being kept up for five minutes three times a day. In 
glaucoma it is sometimes possible to keep the tension down to normal, 



F:c II.— Massage of cornea to aid in Fic. ij.— Deep massage of eyeball to re- 
clearing corneal scar. duce intra-ocular tension. 


especially after a filtering operation which does not produce quite 
enough effect, by massage. This forces fluid out of the eye, either 
through its normal channels, or through a small wound in the sclera 
made at operation, in which case U collects under the conjunctiva to 



Flo II — Massage of lids to empty meibomian glands 


form a small bleb. Such massage should be performed wth the two 
forefingers which hold the eye between them beneath the lids, and 
are alternately pressed in and released so as slightly to indent the 
globe (Fig. 12 ). Just enough pressure should be used so that no pain 
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is caused. Pressure is made and released about thirty times and this 
is repeated two or three times a day. 

In chronic infections of the meibomian glands, fluid accumulates 
in their ducts, and the result is recurrent chalazion or a diffuse thick- 
ening of the lids. Chalazia may often be prevented and the infection 
helped considerably by massage of the lids. This is done, as shown 
in Figure 13 , by pressing with the two thumbnails on the skin side of 
the two lids which are held together and away from the globe. Pres- 
sure should include the whole lid border and should be continued until 
fluid ceases to come from the ducts of the glands at the lid border. An- 
other method is to use a glass rod on the conjunctival side of the lid, 
which presses against a finger held on the skin side. 

Muscle Exercises 

In cases of squint of the nonparalytic type and of muscular im- 
balance, various types of exercise are used, most of them having the 
purpose of stimulating the defective fusion sense so that the eyes may 
be used together. In every case of squint the patient must first have a 
careful refraction, under a cycloplegic, and should wear his proper cor- 
rection at all times. This alone, in about half of the cases of convergent 
squint with hyperopia, will correct the defect, and is the most im- 
portant nonsurgical measure which we have against it. The use of 
glasses is seldom effective in divergent squint. If one eye remains 
constantly in the squinting position, an attempt should be made to 
improve its vision by covering the other eye for two hours a day v/ith 
a bandage or close-fitting eye patch. Probably a considerably better 
way is to cover the better eye constantly for periods of several days, 
checking the vision at intervals and persisting in the occlusion as long 
as the vision improves. It is hard to do this where vision is very 
defective, as the child is then helpless and resists such treatment vio- 
lently. Many cases show no improvement on such treatment and it 
IS chiefly in very early cases, at the age of five to si.x, that an increase 
of vision is observed. A trial of such occlusion should be made when 
a case is seen early, no matter how defective the vision, though this 
may require considerable trouble and persistence on the part of both 
parents and physician. When a patient is first seen after the age of ten 
or twelve, the prospect of improvement is much less, and after the 
3ge of sixteen improvement is seldom observed. Where the difference 
m vision of the two eyes is not very great, the use of atropine in the 
good eye for varying periods, w'hich paralyzes its accommodation and 
necessitates the use of the other eye for reading, may be of some 
benefit, but is certainly not so effective as occlusion. 

Fusion Exercises. — Children past the age of six, or unusually co- 
operative younger children, may be suitable for the various tj^pes of 
‘Usion exercises. It is only in certain cases that benefit may be ex- 
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pected from such exercises. The squinting eye must have enough 
vision to see the objects used clearly, usually 20/200 or more, and it 
must be possible for the patient to see the images of both eyes at the 
same time. In many cases of squint the fusion faculty has become so 
defective that the image of the defective eye is suppressed, except 
when the other eye is closed. 

Instruments. — By the use of prisms, with bases in for divergent 
squint, and out for convergent squint, the images may be brought 
close together, so that they may be seen at the same time. Eventually 
the patient may learn to fuse them into one image. This is facilitated 
by many special instruments. The cheiroscope of Maddox, by the use 
of mirrors, allows the images to be superimposed, no matter what the 
degree of squint, and small pictures or toys may be moved together 
on a board, or drawn, these procedures utilizing the movement of the 
objects to bring them into consciousness, and the simultaneous action 
of the hands and eyes to stimulate fusion. 

The arablyoscope of Worth makes use of movable tubes through 
which pictures are seen and fused by moving the tubes. If the 
tube for the defective eye is held over a bright light, its picture is 
brought more sharply into consciousness. These two instruments are 
suitable for the more marked degrees of squint. In degrees less marked, 
and especially in cases of latent divergent strabismus, where one eye 
diverges only at certain times, the use of the ordinary stereoscope may 
be effective. Special charts are provided for this, such as the Wells and 
Guibor charts made in America, Hamblin’s charts which are used a 
great deal in England, or Sattler’s charts, published by Bergmann in 
Munich. The last are especially useful for small children, as they are 
so made as to give a marked Impression of depth, and by changing the 
position of the cards, the relative position in space of certain parts of 
the picture is changed, so that the parent can tell when a child is cor- 
rectly fusing the pictures. The Wells charts, besides using pictures 
which are partly defective, the defect in one being filled in by the 
image of the other, have a series of reading types in which the same 
principle is employed, smaller types being used as the exercises 
progress. 

Muscle Imbalance Exercises. — Such stereoscopic exercises may 
be occasionally useful in cases of slight muscle imbalance, or weakness 
of convergence, with symptoms of eyestrain. These cases are usually 
treated by simpler methods than those used in squint, the simplest 
being converging exercises in whidi the point of a pencil or a dot on a 
card is slowly brought closer to the eyes until double vision occurs, 
and is then held off so that fusion is just possible. It should be possible 
gradually to bring the object nearer to the eyes without diplopia. Such 
exercises should be continued for three to five minutes two or three 
times a day. 
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Another simple method is that of bar-reading, in which a pencil, or 
a ruler i cm, wide, is held halfway between the eyes and the reading 
print in such a way that the letters are seen behind the ruler. This is 
then moved along before the eyes and the print is read behind the 
ruler. The exercise affords a constant stimulus to fusion. 

Instruments. — In muscle imbalance of various types, especially 
vertical imbalance, various instruments, such as the phorometer and 
kratometer, in which prisms of increasing strength are overcome by 
an effort of fusion, have been used. They are expensive and require 
frequent visits to the physician’s office, and for this reason few patients 
will persist in their use long enough to obtain much benefit. The ad- 
vantage of the simple stereoscope is that it may be given to the patient 
for use at home, and the same may be done with the amblyoscope. 

In weakness of convergence, Gould’s method of overcoming prisms 
with bases out may be used to advantage, prisms of increasing strength 
being loaned to the patient, who fixes an object at six inches and then 
backs off from it to a distance of twenty feet or until diplopia occurs. 
The same method can be carried out in other cases of imbalance, as 
described by Berens and Losey. 

Evaluation. — The value of all these methods will depend greatly 
on the intelligence and co-operation of the patient, and it must be said 
that a great many cases will not be benefited. Patients with alterna- 
ing squint, for example, often find It impossible to see both images 
at the same time, in spite of all our optical aids, and in such cases noth- 
ing but surgery will affect the squint. The same is true of marked de- 
grees of squint with very defective vision. A great deal of judgment is 
necessary to avoid putting many of these patients to needless e.xpendi- 
ture of time and money before advising necessary surgery. In the 
case of imbalance, the correction can be made simply by prisms worn 
constantly in the glasses, 

RESUME 

After having reviewed the uses of various forms of physical therapy, 
the following resume of common ocular conditions in which physical 
therapy is employed, with the form of treatment considered best for 
each condition, may help to clarify the material and facilitate its use 
in practice. To avoid repetition the reader is referred to the preceding 
text for the details of technic. 


„ Diseases of the Lids 

Hordeolum: 

Moist heat, incision. 
t-HALAZIOM: 

Incision and curettage. 

Electrocoagulation; if on the lid border, 200 to 300 ma. for one 
second. 
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Xantiielasiia: 

Surgery is simplest in most cases. 

Thermophore may be effective. 

Radium is effective but requires care. 

Blepharitis : 

A trial of ointments and moist heat should be made. 

In resistant cases, x-ray is most effective. 

Trichiasis: 

Electrocoagulation; 150 ma. for one second. If more than five or 
six lashes are affected, surgery is simpler. 

Dermatitis : 

X-ray is effective in small dosage. 

Carcinoma; 

Surgery for small growth not adherent to the bone. 

X-ray where large areas of skin are involved. 

• Radium for growth at lid border or in the inner or outer angle, 
with adhesion to bone. 

Nevus Flammeus, Hemangioma; 

Radium, especially for capillary hemangioma. 

Surgery for hemangioma supplied with large vessels. 

Diseases of the Orbit 

Cellulitis; 

First 24 hours, cold packs. After this, moist heat and incision. 
Medical diathermy, 200 to 400 ma. for five to ten minutes may 
be tried. 

Carcinoma: 

Radium needles or tubes of radon imbedded in growth. 

Where orbit is to be eviscerated, electrocoagulation (surgical 
diathermy). 

Sarcoma: 

Electrocoagulation for evisceration of the orbit. 

Lymphoma: 

Radium in plaques over the lids. X-ray may also be used, but 
is not so effective. 

Diseases or the Conjunctiva 
Acute Conjunctivitis: 

First 24 hours, cold packs; after this, moist or dry heat. 
Chronic Meico.mitis; 

Massage of the lids. 

Vernal Conjunctivitis; 

Adrenalin locally and calcium systematically should be tried first. 
Where symptoms are not relieved, radium (see p. 26). 
Neopl,\sms op the Bulbar Conjunctiva: 

Surgery. Electrocoagulation may be useful if a weak current and 
a needle electrode are used. Radium is dangerous here. 



Resume 


37 


Diseases of the Cornea 

Serpent Ulcer: 

Local applications, atropine, keratotomy. In early ulcer, photo- 
therapy may be tried, using the carbon arc with uviol filter. 

Herpetic Keratitis (Dendritic Ulcer): 

Phototherapy using carbon arc with uviol filter 8 to lO minutes 
once a day. X-ray — ^30 per cent erythema dose ( i to 2 treat- 
ments) . 

Epithelial Dystrophy: 

Phototherapy may be tried. 

Degenerated Corneal Scar with Ulceration: 

Phototherapy as for herpetic keratitis. 

Sclerosing Keratitis: 

Phototherapy using carbon arc with uviol filter 10 minutes every 
two days. X-ray 15 to 20 per cent erythema dose, repeated after 
seven weeks, no more than three or four treatments being given. 

Carcinoma: 

Beta irradiation may be of value. 

Surgery is usually best, followed by careful use of electrocautery 
where the sclera or interior of the eye is involved. If this is 
refused, radium may be tried. 

Phlyctenular Keratitis and Keratoconjunctivitis: 

General treatment and atropine. The use of sun bath or general 
irradiation with the carbon arc or mercury vapor arc is of 
definite value in addition to other treatments. 

Corneal Scars: 

Massage of the cornea and the use of dionin are probably of as 
much value as anything in helping to clear scars. The use of 
iontophoresis has been advised, but its value is questionable. 

Diseases of the Iris and Ciliary Body 

Tuberculous Iritis; 

General treatment and atropine are most important. X-ray as de- 
scribed for sclerosing keratitis may be tried, but is not without 
danger of causing cataract. Hence it is contraindicated in the 
ordinary forms of iritis and other diseases of the iris .and ciliary 
body. Beta irradiation may be of value. 

Diseases of the Choroid: 

Xo form of local physical therapy is probably effective. In tuber- 
culous choroiditis the use of sun baths or generalized light baths 
with the carbon or mercury vapor arc may be of value. 

Diseases of the Retina 

Glioma Retinae (Retinocystoma): 

Enucleation of the first eye, followetl by radium in the orbit if 
there is recurrence. 
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Xanthelasma: 

Surgery is simplest in most cases. 

Thermophore may be effective. 

Radium is effective but requires care. 

Blepharitis: 

A trial of ointments and moist heat should be made. 

In resistant cases, x-ray is most effective. 

Trichiasis: 

Electrocoagulation: 150 ma. for one second. If more than five or 
six lashes are affected, surgery is simpler. 

Dermatitis: 

X-ray is effective in small dosage. 

Carcinoma: 

Surgery for small growth not adherent to the bone. 

X-ray where large areas of skin are involved. 

Radium for growth at lid border or in the inner or outer angle, 
with adhesion to bone. 

Nevus Flammeus, Hemangioma: 

Kadium, especially 5 ot capillary hemangioma. 

Surgery for hemangioma supplied with large vessels. 

Diseases of the Orcit 

Cellulitis: 

First 24 hours, cold packs. After this, moist heat and mcision. 
Medical diathermy, 200 to 400 ma. for five to ten minutes may 
be tried. 

Carcinoma: 

Radium needles or tubes of radon imbedded in growth. 

Where orbit is to be eviscerated, electrocoagulation (surgical 
diathermy). 

Sarcoma: 

Electrocoagulation for evisceration of the orbit/ 

Lymphoma: 

Radium in plaques over (he lids. X-ray may also be used, but 
is not so effective. 

Diseases of the Conjunctiva 
Acute Conjunctivitis; 

First 24 hours, cold packs; after this, moist or dry beat. 
Chronic Meibomitis: 

Massage of the lids. 

Vernal Conjunctivitis; 

Adrenalin locally and calcium systematically should be tried first. 
Where symptoms are not relieved, radium (see p. 26). 
Nf.oplasms of the Buldar Conjunctiva: 

Surgery Electrocoagulation may be useful if a weak current and 
a needle electrode are used. Radium is dangerous here. 
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If the second eye is .involved, a choice may be offered between 
enucleation and x-ray or radium (see pp. 29, 30). 

Diseases of the Optic Nerve 

Not amenable to physical therapy. ' 

Intracranial Diseases 

Pituitary Tumor: 

If an adenoma is considered probable, roentgenotherapy may be 
tried, large doses being directed to the sellar region through 
the two temporal regions. 

Where vision fails in spite of one or more treatments, no time 
should be lost in advising surgery. 

Radium is used only where the tumor has eroded the floor of 
the sella, or after sellar decompression has been done. 

Cerebral Tumors: 

When tumor is inoperable or has been only partially removed, 
decompression should be performed if the vision is being dam- 
aged. Deep roentgenotherapy may then be tried (see p. 25). 

Glaucoma: 

Not amenable to physical therapy, except for the relief of pain 
by heat or cold and the use of massage for promoting filtra- 
tion. X-ray and radium are contraindicated in the presence of 
glaucoma. 

Cataract: 

No form of physical therapy is indicated. The danger of produc- 
ing cataract is one of the chief reasons for avoiding the use of 
radium and x-ray except where it is necessary and for the care- 
ful protection of the globe when this is possible. 

Diseases of the Muscles 

For the indications for muscle exercises, see p. 33. 
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CHAPTER TWENTY-FOUR 


PHYSICAL THERAPY IN OTOLARYNGOLOGY 
Joseph C. Beck, M.D., and M. Reese Guttman. JI.D. 

Introduction 

The extreme interest in physical therapy that is being manifested 
in general medicine and surgery is also encountered within the realm 
of the otolaryngologist. The enthusiasm displayed has apparently been 
boundless. Commercial interests have aided in the production of a 
teeming literature in which many unwarranted claims have helped 
popularize this somewhat spectacular form of therapy. Physical agents 
undoubtedly have a decided field of usefulness in the treatment of 
otolaryngologic disease, but in no sense are they a panacea. Many 
wtravagant and irrational claims are found that often display an 
appalling lack of knowledge regarding the basic physics of the various 
energies employed and especially of their effects upon the human 
economy. Physical measures do not, as yet, constitute a system of 
therapeutics that can in any way supersede time-tried and scientifically 
evaluated measures in the treatment of disease and the alleviation of 
suffering. It follows that one must be extremely cautious of dogmatic 
assertions in such a young and as yet unproved branch of medical 
endeavor. The following reflects the views and beliefs of the writers 
as gathered from their experience with the various energies commonly 
employed. 

Otitis Externa 

Otitis externa exists in two well-recognized forms: otitis externa cir- 
cumscripta or a furunculosis of the external auditory canal, and otitis 
externa diffusa which, as the name implies, is a nonlocalizing inflam- 
mation of the external auditory meatus. The offending organism most 
“equently seen in both types is the staphylococcus. The diffuse type is 
“equently seen following trauma, such as scratching of the ear, and 
following an otorrhea due to middle ear suppuration. Not infre- 
quently the extension of a furunculosis of the canal may also result in 
^diffuse external otitis. The diagnosis of these affections is easily made 
by inspecting the external auditory meatus, which will be found to be 
r<^d and swollen. In the circumscribed form the inflammation will ap- 
as a typical acuminate furuncle of which one or more may be 
present. The diffuse form will show as an inflammation that entirely 
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ular, pustular, or papular nature, or any combination of these. The 
otologist most often sees the more or less acute conditions that result 
from the continuous exposure of the skin to an irritating middle ear 
discharge. The diagnosis, as a rule, is not difficult to make, but fre- 
quently the etiologic factor may be hard to determine. The recent at- 
tention that is being given to allergy as a cause should be borne in 
mind. 

Treatment. — In the treatment of eczema the indications are to 
remove the cause and protect the involved area from further irritation. 
The more chronic and indolent lesions require the use of stimulating 
agents, in which case physical therapy in the form of x-ray or ultra- 
violet irradiation may be of benefit. In the treatment of eczema fol- 
lo\ving an otorrhea it is decidedly important not to permit the discharge 
to collect about the meatus. The discharge should be gently wped 
away with a cotton-tipped applicator or toothpick as quickly as it 
forms. The patient should be warned of the dangers of wounding the 
canal during the use of these applicators. In the more chronic types of 
eczema, systemic measures for the regulation of the diet, and avoidance 
of exposure to offending proteins in the allergic types, are of impor- 
tance.^ In those cases in which Assuring and oozing are pronounced, 
calamine lotion or the various dusting powders may be employed. 
Ointments containing zinc oxide or crude coal tar are of especial 
benefit. 

Physical therapy may be of benefit in the subacute and chronic 
forms. Ultraviolet irradiation, given on alternate days, may be effective. 
The first exposure should be for one minute at a distance of ten to 
fifteen inches and the dose should be increased by one-half minute 
until a maximum of five minutes is being used. In the more stubborn 
types that do not respond to local medication and ultraviolet irradi- 
ation, benefit will sometiwes be obtained by x-ray therapy. The x-rays 
should be applied in doses of one-fourth skin unit of the unfiUered ray 
at weekly intervals. It is important when using the various types of 
irradiation to cleanse the skin surface thoroughly and dispense with 
the use of any of the skin ointments or medications. It is also well to 
protect the area about the ear by means of cardboard properly cut 
and placed when using ultraviolet irradiation, or by means of heavy 
lead foil when using the x-rays. 


Erysipelas of Auricle 

The practicing otologists see erysipelas of the auricle most fre- 
quently^ as a complication following mastoid surgery. It is also ob- 
served in the aged in conjunction with recurrent attacks about the 
fiead and face. The diagnosis as a rule is not difficult to make. The 
initial chill followed by a rise in temperature and the appearance 
several hours later of the characteristic elevated redness with its line 
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occludes the meatus. In both forms pain on traction of the auricle is 
present and is a pathognomonic sign that serves to distinguish these 
inflammatory conditions from an acute otitis media. 

Treatment. — The treatment should be as conservative as possible. 
Physical therapy in the form of infra-red irradiation is the treatment 
par excellence. A twenty-minute session at least three times a day is 
advisable. In addition one may employ hot moist applications, using 
a saturated solution of magnesium sulphate or boric acid. Aspirin, 
pyramidon, or even codeine may be administered for the pain. One 
should abstain from any irrigation or manipulation of the canal. If 
resolution or spontaneous rupture does not occur, the center of suppu- 
ration may be nicked, but not deeply cut, with a fine bistoury, pro- 
vided, however, that localization and liquefaction have occurred. After 
the incision one should avoid squeezing, mopping, manipulation. 
The use of the infra-red irradiation and the moist compresses should 
be continued after the incision. It should be emphasized that any 
trauma, including extensive incision, before localization has occurred 
has been followed by grave complications and even death. 

Two relatively new measures have been advocated recently for 
both the treatment and the prevention of recurrent otitis externa. One 
is the use of Besredka’s antivirus instilled into the ear several times 
a day. The other is the application of tin ionization to the external 
auditory canal. The technic employed is similar to that used in chronic 
otorrhea. An insulated ear speculum such as is used for zinc ioniza- 
tion for the treatment of middle ear discharge is placed into the canal 
and then a solution of stannoxyl, which is a mixture of tin and tin 
oxide, is instilled into the speculum and the canal. The positive elec- 
trode is attached to the wre in the center of the speculum and the 
negative electrode is held in the hand. The current should be gradually 
turned on until three to five milliamperes are in use. This is permitted 
to act for ten minutes and is repeated on three successive days. Imme- 
diate relief from pain is said to occur. 

Recurrences are not at all infrequent. They may be prevented to 
some extent by warning the patient strictly to avoid the use of matches 
or hairpins within the canal. During the quiescent interval one may 
employ x-ray irradiation to the external canal. Instead of the x-ray, 
an erythema dose of ultraviolet irradiation applied by means of a 
quartz applicator may be tried. The use of Besredka’s antivirus is 
also said to prevent recurrence. 

Eczema of Auricle 

Eczema of the auricle may exist as either an acute or a chronic in- 
flammatory condition of the skin. It is frequently accompanied by 
severe itching and sometimes is associated with a seborrheic derma- 
titis of the scalp or face. The lesion may be of an erythematous, vesic- 
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insist on early and radical surgical removal by clcctrosurgical methods 
and then the use of irradiation as an adjunct. It is well to excise 
the auricle wide of the growth with the tissue-cutting current and 
then to use the coagulating current upon the base. The x-rays or radium 
used preoperatively or postoperatively may add to one’s security in 
establishing a cure. 

Otomycosis 

Otomycosis or otitis externa parasitica is a dermatitis of the external 
auditory meatus due to a fungus infection, the most frequent offenders 
being either the Aspergillus itiger or glauctis. It is manifested as a 
marked irritation of the canal frequently associated with severe itch- 
ing and sometimes with attacks of pain radiating into the face. Upon 
inspection, the auditory meatus will be found to be red and covered 
with a peculiar moist speckled substance which has the appearance of 
wet blotting paper. The coating may be spotted with small black or 
brownish areas the size of a pinhead. The diagnosis is definitely estab- 
lished by culturing the material found in the canal upon Sabourraud’s 
media, when a characteristic groAvth will be obtained. 

Treatment. — The treatment consists of the use of exfoliating agents 
in the canal. A lo per cent solution of salicylic acid in alcohol may be 
used twice a day for the period of a week. Physical measures may also 
be employed, especially in the more resistant cases and in those in 
which the affection tends to recur. Ultraviolet irradiation applied to 
the external auditory canal by an appropriate quartz aural applicator 
may be of benefit. 

Pruritus of External Auditory Canal 

This exasperating condition is not infrequently present as a second- 
ary manifestation of some inilammatory condition within the external 
auditory canal. It may, however, be unaccompanied by any dis- 
cernible pathology in the meatus. In these cases especially it is a most 
refractory condition. The patients who are so unfortunate as to be 
troubled with this aftliction return at frequent intervals suffering from 
an acute inflammatory otitis externa due to traumatizing the canal 
w ith a match, hairpin, or similar object. In a few instances the pruritus 
disappears following the removal of an impacted molar. 

Treatment. — The treatment of the idiopalhic type is frequently 
unsatisfactory. Itching sccondarj’ to an otorrhea or otomycosis is 
quickly relieved by proper attention to the primary condition. In 
the idiopathic types in which no pathoIog>’ may be seen in the canal, 

is well to perform a thorough search of the trigeminal area for con- 
^'ict or pressure points that might cause pruritus through reflex action. 
Locally calamine lotion containing phenol may be instilled into the 
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of demarcation is a picture that cannot easily be mistaken for any- 
thing else. 

Treatment. — In the treatment the early use of anti-erysipelas serum 
is advocated. Locally one may employ icc compresses of a saturated 
solution of magnesium sulphate. In addition the edge of the spread- 
ing lesion should be painted with contractile collodion. These meas- 
ures may effectively prevent any progression. Recent reports indicate 
that physical therapy may be of benefit in erysipelas. Ultraviolet ir- 
radiation has been advocated and it has been recommended that one 
and one-half erythema dose be applied. With a good lamp this dosage 
may be effected by a 12 to 15 minute exposure at a distance of 100 cm. 

X-ray irradiation has also been utilized with apparently some bene- 
fit. The irradiation should be administered in one exposure, the amount 
being a mild erythema dose, using a filter of two millimeters of alumi- 
num. According to published reports, a marked diminution in the 
symptoms may be expected within 24 hours by the use of either of 
these agents. 

Perichondritis, Chondritis, and Suppuration of Auricde 

These conditions most frequently follow trauma to the auricle, or 
an infection in a hematoma of the auricle. They are also seen as 
complications of severe .external otitis in people that are below par 
physically or afflicted with some debilitating systemic disease, such as 
diabetes. The diagnosis is not at all difficult. Systemic conditions must 
be appropriately dealt with. Locally infra-red irradiation and u>arm 
moist applications as described for inflammations of the external audi- 
tory meatus are advocated. When suppuration has occurred, incision 
and evacuation of the pus are necessary. It is well to warn the patient 
in advance of the possible shrinkage and deformity of the auricle 
that may follow. 


Malignant Disease of Auricle 

Cardnoma and sarcoma are the most frequent malignant tumors 
of the auricle that are encountered in practice. The diagnosis is def- 
initely established by biopsy of a portion of the growth. In the treat- 
ment, early diagnosis when the lesion is small and well localized and 
without any metastases is essential for a cure. Radium is said to be 
of value in these conditions. If the lesion is a basal cell carcinoma and 
is more or less superficial, and if the underlying cartilage has not been 
involved, the use of about 75 to 150 mg. hr. of radium, with a i-mm. 
platinum and 4-mm. rubber screen, has been advocated. This irradia- 
tion may have to be repeated at inter\'als of one to three months. How- 
ever, we have not been impressed with the results obtained by irradia- 
tion of other types of malignant growths. It has been our practice to 
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insist on early and radical surgical removal by electrosurgkal methods 
and then the use of irradiation as an adjunct. It is well to excise 
the auricle wide of the gronih with the tissue-cutting current and 
then to use the coagulating current upon the base. The x-rays or radium 
used preoperatively or postoperatively may add to one’s security in 
establishing a cure. 

Oro-Mveosis 

Otomycosis or otitis externa parasitica is a dermatitis of the external 
auditory meatus due to a fungus infection, the most frequent offenders 
being either the Aspergillus niger or glaucus. It is manifested as a 
marked irritation of the canal frequently associated with severe itch- 
ing and sometimes nith attacks of pain radiating into the face. Upon 
inspection, the auditory meatus will be found to be red and covered 
with a peculiar moist speckled substance which has the appearance of 
wet blotting paper. The coating may be spotted with small black or 
brownish areas the size of a pinhead. The diagnosis is definitely estab- 
lished by culturing the material found in the canal upon Sabourraud’s 
media, when a characteristic grow'th will be obtained. 

Treatment. — ^The treatment consists of the use of exfoliating agents 
in the canal. A lo per cent solution of saficyh'c acid in alcohol may be 
used twice a day for the period of a week. Physical measures may also 
be employed, especially in the more resistant cases and in those in 
which the affection tends to recur. Ultraviolet irradiation applied to 
the external auditory canal by an appropriate quartz aural applicator 
may be of benefit. 

Pruritus of External Auditory Canal 

This exasperating condition is not infrequently present as a second- 
ary manifestation of some infiammatory condition within the external 
auditory canal. It may, however, be unaccompanied by any dis- 
cernible pathology' in the meatus. In these cases especially it is a most 
refractory condition. The patients who are so unfortunate as to be 
troubled with this afiliction return at frequent intervals suffering from 
an acute inflammatory otitis externa due to traumatizing the canal 
a match, hairpin, or similar object. In a few instances the pruritus 
isappears following the removal of an impacted molar. 

treatment of the idiopathic type is frequently 
nsaiisfaclorj’. Itching secondarj' to an otorrhea or otomycosis is 
proper attention to the primary condition. In 
it ^ t>T)es in which no pathology may be seen in the canal, 

. ^ perform a thorough search of the trigeminal area for con- 

points that might cau«e pruritus through reflex action. 
^*ly calamine lotion containing phenol may be instilled into the 
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meatus several times a day. Physical therapy in the form of ultraviolet 
irradiation has been of help. A short irradiation, applied by means 
of a quartz aural applicator, repeated upon three or four successive 
days, may help to alleviate the patient’s distress. The x-ray as de- 
scribed for chronic eczema may also be of help. » 

Herpes Oticus 

Herpes oticus, otitis externa herpetica, or bullous myringitis is a 
condition of the external auditory canal and tympanic membrane 
that is characterized by an eruption of more or less hemorrhagic bullae 
that are, as a rule, surrounded by an inflammatory base. They are most 
frequently seen during an influenza epidemic and are supposedly due 
to an infection of the geniculate ganglion with a filtrable virus. The 



characteristic picture of the bullae and the normal hearing serve to 
differentiate this condition from acute otitis media. 

Treatment. — In the treatment the local use of phenol in glycerin or 
the topical application of metacresylacetate, aided by hot compresses 
of a saturated solution of magnesium sulphate or boric acid, is ad- 
vised. The bullae should not be opened. Physical therapy in the form 
of infra-red irradiation is helpful in relieving the pain. The exposure 
should last for at least 20 min. and be repeated several times a day. 

Otitis Media 

Suppuration of the middle ear is such a common condition that 
little will be mentioned regarding its causation, symptomatology, or 
diagnosis. In the treatment of the early stages the use of hat applica- 
tions and infra-red irradiation may lead to relief of pain and regres- 
sion in a limited number of cases. In addition, drainage of the middle 



Chronic Otorrhea 


Chipter 24] 7 
Volame Hj • 


ear via the eustachian tube should be promoted by the use of ephe- 
drine solution ;vithin the nose. If the symptoms persist and bulging 
ensues, a myringotomy should be performed After myringotomy the 
secretion should be aspirated from the canal by the use of capillary 
suction (Fig. i). The hot application and infra-red therapy should be 
continued, and in addition, antiseptic drops may be instilled into the 
meatus. The use of diathermy is contraindicated before the rupture of 
the drum, and after incision it is of little benefit. Mass suction to the 
auditory canal is also to be deprecated as it may cause congestion of 
the parts and, not rarely, prolapse of the tympanic mucosa through 
the perforation. 

Acute Mastoiditis 

This condition presents a picture of an acute middle ear infection 
that has persisted for several weeks and is associated with persistent 
pain, mastoid tenderness, temperature, and loss of hearing. X-ray of 
the affected mastoid may show cloudiness or destruction of the mas- 
toid cell. In the treatment the use of moist applications, radiant heat, 
and capillary suction as advocated for acute otitis media are recom- 
mended. If the symptoms show no tendency to ameliorate, or if 
signs of complications appear, surgery of the mastoid must be consid- 
ered. Medical diathermy is mentioned only to be condemned in such 
conditions. 

Following mastoid surgery, slow healing of the wound is sometimes 
seen. There is generally associated some systemic condition that must 
be corrected. Ultraviolet irradiation to the open wound has been advo- 
cated with the idea of stimulating the granulation formation and short- 
ening the time for healing. 


Chronic Otitis Media 

This condition is characterized by a chronic infectious process lo- 
cated within the tympanum or its adnexa. Two characteristics are of 
extreme interest to the physical therapist, namely, otorrhea and hard- 
ness of hearing, and these ivill be treated as separate subjects. 

Chronic Otorrhea 

Chronic otorrhea should be considered as a manifestation of an 
m^ctious process within the tympanomastoid and the eustachian 
tube. The infectious process may be restricted to the mucous mem- 
brane or may affect the underlying bone. Certain complicating path- 
ology may be the cause of the persistence of an otorrhea. Systemic 
diseases, such as tuberculosis and syphilis, may be the offending 
t^icto^. Locally the otorrhea may be aggravated or even caused by 
^ P^^oologic condition in the nasal mucosa, the nasal sinuses, or the 
adenoid mass. In addition, local causes within the ear itself must be 
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considered, such as granulations, polypi, caries, cholesteatomas, and 
even malignancies. An otorrhea presupposes a perforation within the 
drumhead. As a rule a central perforation, namely, one that does not 
touch the periphery, has a tendency to heal, while a marginal perfora- 
tion, that is, one that involves the margin, has a tendency towards 
chronicity and the formation of cholesteatoma. The etiologic organ- 
isms are also important factors in the production and maintenance of 
. an aural discharge. Otorrhea following scarlatina, measles, or tuber- 
culosis is notoriously difficult to control. 

Treatment. — In the treatment of otorrhea appropriate attention 
to such complicating pathology as may be located in the adenoids, 
sinuses, or nasal mucosa is of importance. Systemic disease, such as 
syphilis, diabetes, and tuberculosis, must also be properly dealt with. 
The use of generalized ‘ultraviolet irradiation or natural heliotherapy 
is an adjunct that may be utilized with some benefit, especially in 
children that are below par physically. 

The local treatment consists in the strict avoidance of water within 
the ear and the use in its stead of local capillary suction (Fig. i) for 
removing the secretions from the canal and tympanic cavity. Aqueous 
irrigations are best eliminated except under certain circumstances. 
Should irrigation be necessary, it is far better to utilize weak solutions 
of alcohol. For home use one might prescribe antiseptic drops contain- 
ing alcohol or ether in addition to phenol or tincture of iodine. These 
drops may aid both in dehydration and antisepsis. 

Granulations and polypi should receive proper care. Physical meth- 
ods have been widely advocated. As a rule, we have seen little^ or 
no benefit follow the use of local ultraviolet irradiation or medical 
diathermy, in spite of the enormous amount of literature dealing with 
the use of these agents in this condition. The physical measure of 
choice in the treatment of a chronic otorrhea is the use of zinc iorxiza- 
tion. However, its use is indicated only in those certain simple types 
of uncomplicated otorrhea with relatively large central perforations. 
Cases of otorrhea due to chronic mastoiditis and cholesteatoma and 
cases with tiny central or peripheral perforations have been benefited 
in only a very small percentage of the cases, if at all. These conditions, 
therefore, contraindicate its use. Its use is also unsuccessful if no atten- 
tion is paid to disturbances in the nasal sinuses or nasopharynx. 

Technic.— Prior to the use of zinc ionization the ear should be 
cleansed of any of its contained secretions by wiping or, better yet, by 
the use of capillary suction. In zinc ionization the patient must lie 
wth the affected ear uppermost and a solution of zinc sulphate, 
one grain to the ounce, should be used to irrigate the ear. An appro- 
priate aural applicator (Fig, 2 ) is then placed in the ear and' the 
positive pole of the galvanic apparatus is connected to the zinc wire 
within the applicator. The negative pole is connected to a moist sponge 
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electrode or piece of lead foil that may be either held in the hand or 
firmly placed anywhere on the body. The current is gradually turned 
on until two to four milliamperes are being utilized. One should be 
guided by the tolerance of the patient and one should be ready to 
decrease the current immediately upon the appearance of a laby- 
rinthian irritation. The current should be permitted to flow from lo 
to 15 min. In many cases one such treatment may be sufficient to 
effect a dry ear. In other cases two to five seances may be necessary. 
In the intervals one may insufllate anhydrous boric powder or one 
of the iodine boric powder combinations. 



Deafness 

Before undertaking the treatment of deafness in a patient it is 
i'bsolutely essential to determine the type and, if possible, the cause 
of the auditory impairment. Deafness due to obstruction of the 
external auditory canal by a foreign body, impacted cerumen, or an 
milammatory stenosis requires attention to the causative factor. 
Hearing difficulty may also be due to inflammatory processes within 
me tjmipanomastoid and the associated eustachian tube and naso- 
pharynx. The nature of the processes may be varied. The eustachian 
tube may be blocked by an adenoid vegetation or by stenosis within 
*ts lumen. Such conditions require appropriate care. The middle ear 
^ay be the seat of a serous or purulent exudate or of a postinflamma* 
adhesive fibrosis. The fluid content must be evacuated, especially 
^nen suppuration is present. 
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' Treatment. — Diathermy. — Medical diathermy should never be 
used in case of an acute suppurative otitis media unless free drainage 
is present, and even under these circumstances its exact value is ques- 
tioned. We have been unable to note any beneficial influence upon 
the middle car suppuration after incision of the drum with the use 
of medical diathermy. 

It was thought that diathermy might ameliorate serous accumula- 
tions within the middle ear. In a small series of cases subjected to 
this form of therapy, no demonstrable improvement could be noticed. 
However, rapid increase of the hearing took place upon paracentesis 
that was followed by inflation. One would, therefore, hesitate to recom- 
mend the employment of medical diathermy for a serous otitis media. 

Chronic adhesive otitis media is one of the prolific causes of hardness 
of hearing. Diathermy has been advocated in this form of hearing de- 



Fig 3 — Active electrode In medical dialhenny of the ear. 

crease on the assumption that it could cause the absorption of the 
effusions and softening of the intratympanic exudate and fibrosis. How- 
ever, the critical observer is somewhat skeptical of the ability of the 
relatively small amount of heat caused by medical diathermy to pro- 
duce such remarkable effects upon scar tissue. In actual practice 
such skepticism has been substantiated. In spite of many enthusiastic 
claims to the contrary, we have proved, to our satisfaction at least, 
that diathermy has caused little if any benefit in chronic otitis media. 
In a certain percentage of the cases that receive little benefit by this 
physical measure, some increase in the hearing was obtained by infla- 
tion and those cases that showed no response to inflation did not, as 
a rule, show any benefit after the use of diathermy. 

Otosclerosis was not influenced for the better. Not a single case 
subjected to diathermy showed any change in the hearing. In fact, 
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not a few of the patients complained of some increase in the intensity 
of the accompanying tinnitus. 

Labyrinthian deafness following inflammation or fracture was in 
no way influenced by diathermy. It is inconceivable that any amount 
of heat could cause regeneration of the destroyed neuro-epithelium or 
absorption of the postinflammatory fibrosis. 

For those who may wish to try medical diathermy for deafness or 
tinnitus, the following technic is employed: The active electrode is 
placed over the mastoid region of the affected ear (Fig. 3) and the 
larger indifferent electrode over the opposite cheek (Fig. 4). Placing 
the electrodes in these positions causes the so-called diathermy beam to 
traverse the tympanum, the labyrinth, and the eustachian tube. Three 
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to four treatments a week, each one lasting from 20 to 30 min., have 
been advocated. The strength of the current should be gradually 
increased, and it is only rarely necessary to utilize more than 400 
or 500 ma. 

One may encounter disagreeable effects due to labyrinthian irri- 
tation which, when present, should cause an immediate reduction in 
the amount of the current used. It is \YeU to check the effect of the 
treatment by frequent functional tests and to discontinue the diathermy 
1* no benefit is manifested. Many patients suffering from progressive 
ueafness will believe that they hear better after any type of treatment, 
even though functional testing may show no improvement. 

X-Ray. — X-rays have been employed in two ways in the treatment 
® deafness. In one the use of the so-called diminutive dose to stimu- 
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late the pituitary, pineal, thyroid, parathyroid, and thymus glands has 
been advocated. The technic as described consisted of a cross fire via 
the back of the head, through the open mouth, and also through the 
sides of the head. The gratifying results claimed could not be sub- 
stantiated by most people. 

The second method consisted in the use of a so-called sclerolytic 
dose of x-ray to cause a reduction in the lymphoid structures situated 
about the postnasal space and the custachian tubes. This apparently 
more rational form of therapy may be of some aid in the restoration of 
hearing if the deafness is due to custachian tube blockage by lymphoid 
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Fic. S — Showing working parts of the No. a-A audiometer. (Courtesy of the Western 
Elrclric Co ) 


tissue. However, it is not as yet an accepted procedure and has been 
discontinued by many. For those that may wish to try it the techmc 
as advocated tvill be described. .. 

The patient should lie on a table and the entire head (except a small 
area about one inch in diameter about the external auditory meatus) 
is protected by heavy lead foil. The exposed area is subjected to 
x-ray irradiatiotfVi'wjk the following factors: 5 ma. at 8 kv. (root 
means square) through a r-mm. aluminum filter with the tube at a 
distance of 15 in. for 4^4 min. The otter side is then irradiated in the 
same manner. 


Tinnitus Aurium 


Chapter 241 i o 
Volume Ilj -*^0 


Method of Testing Hearing. — Audiometer. — This newer method 
of testing the hearing has been elaborated during the last several 
years. There are several types of audiometers, but the most popular 
is the one developed by Harvey Fletcher (Fig. s). It consists of a 
thermo-ionic tube circuit in which the tube is placed into oscillation. 
By varying the electrical constants of the circuit, one may make the 
emitted tone assume various pitches which range, in this certain type 
of audiometer, from 64 double vibrations to 8,192 double vibrations. 
A suitable mechanism so calibrated as to record the hearing deficiency 
in a loss of sensation units is incorporated into the circuit for vary- 
ing the intensity of the tone. In using the instrument the hearing 
for each ear is tested separately. The patient places the receiver 
against his ear and the switches are set in contact so that the various 
tones may be produced. The intensity of these tones is gradually 
reduced until the patient can barely perceive them and the loss in 
sensation units is read directly from the instrument and charted 
upon a graph (Figs. 6, 7, 8, 9). In general, certain graphs may be 
more or less characteristic. A conduction type of deafness will show 
a graph in which there is a relatively large hearing loss in the lower 
tones while the upper tones may be uninvolved Nerve deafness will 
show a hearing loss in the upper tones while otosclerosis may show 
a hearing loss that is most pronounced in both the upper and lower 
registers. 

Tinnitus Aurium 

This decidedly harassing condition is one with which the otologist 
is frequently confronted. It should be considered as a symptom and 
not as a definite clinical entity. It may be due to systemic disturb- 
ances, such as variations in the blood pressure, blood dyscrasias, ar- 
teriosclerosis, syphilis, and other organic diseases. Local conditions 
about the ear may also be associated with tinnitus. Impacted cerumen 
or foreign bodies, especially insects, may give rise to this disagreeable 
symptom. Suppurative processes in the middle car and their adhesive 
sequelae may also cause tinnitus. Otosclerosis and labyrinthian dis- 
turbances are attended by tinnitus in most cases, and certain intra- 
cranial conditions, such as acoustical tumors, may also be the cause 
of this symptom. It follows that the treatment must depend first upon 
accurate diagnosis as to the cause of this condition and its proper 
elimination. Diathermy is a physical measure that has been repeatedly 
adv’ocated. Unfortunately, in the authors’ hands it has been attended 
'vith but little success. In fact, in not a few cases the tinnitus was 
ngRravated by the treatment. The technic by which the diathermy is 
2p^plied is similar to that described under middle ear and mastoid 
Incase; that is, the electrodes are used over the mastoid region of the 
3 ccted ear and the opposite cheek respectively. Twenty-minute treat- 
l^cnts should be repeated at appropriate intervals. In those cases of 
mnitus associated with hypertension, one may try autocondensation. 
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Tests of Labyrinthian Function. — Caloric Technic. — ^The laby- 
rinth may be tested in the classic manner by douching the ear with 
either hot or cold water. It is customary to use cold water at a tem- 
perature of 20'^ C. (68° R), and to note the time required for the 
production of a nystagmus and the associated symptoms of vertigo, 
nausea, pallor, and sweat. Selective stimulation may be obtained by 
placing the head in a proper position. With the head bent 120“ for- 
ward or 60® backward, the horizontal canal on the irrigated side will 
be affected. With the head bent 30® forward, the vertical canals will 
be affected. In the presence of tympanic suppuration or a suspected 
labyrinthian fistula, the irrigation would, of course, be contraindicated. 
In such cases one may employ the galvanic current as a source of 
stimulation. 

Galvanic Technic. — The patient must be seated and must look at 
a distant abject. The anode from a galvanic apparatus is held firmly 
in the hand and the cathode is applied to the tragus. The current 
should then be gradually turned on. The normal labyrinth will respond 
to a current of from four to six mlUiamperes. In case of hyperesthesia 
of the labyrinth, the response may occur with as little as one mil- 
Hampere. In hypofunciion of the labyrinth, a current strength of more 
than six milliamperes may be required. 

Riitnophyma 

Rhinophyma presents such a characteristic picture that no^ de- 
scription will be attempted. If the lesion is small and well localized, 
it may be entirely destroyed by ctcctrocoagulothn. The larger and 
more extensive growths should be removed by careful shaving with a 
razor, such as is used foe the Thiersch graft, until the normal contour 
of the nose is obtained. The profuse bleeding that follows may be con- 
trolled by the use of a fine electrocoagulation current over the bleeding 
surface or by the use of hot packs. 

Furuncle of Nose 

This condition most frequently follows the removal of one of the 
vibrissae from the vestibule of the nose. There results a folliculitis 
about the hair follicle which tends to remain localized. However, if 
the vibnssae are subjected to trauma, such as deep incision or squeez- 
ing. grave complications may occur. The venous channels about the 
site of the furuncle communicate directly with the veins of the orbit 
via the angular vein and an extension of a thrombophlebitis upwards 
along the anguiaris followng the manipulation of a furuncle may 
produce a cavernous sinus thrombosis with its fatal outcome. 

Treatment. — The treatment consists of the strict avoidance of any 
local nvanipulation Incision is to be condemned Local applications 
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of hot compresses, using a saturated solution of magnesium sulphate 
or boric acid, are recommended. Infra-red irradiations for 20 min. 
several times a day are helpful in promoting localization and relieving 
the pain. It is far better to permit the furuncle to rupture spon- 
taneously. If symptoms of high fever associated with toxemia appear, 
one must consider ligature of the angular vein high up alongside of 
the nose in order to ward off possible extension of a thrombophlebitis. 
X-ray treatment similar to that employed for carbuncle may also be 
utilized. 

Epistaxis 

Nasal bleeding may be due to a variety of causes, both local and 
systemic. Hypertension, blood dyscrasia, scurvy, sclerosis of the liver, 
and typhoid fever are a few of the general etiologic factors. Locally 
epistaxis may be due to nasal ulceration or malignancy. It is very 
frequently due to the pernicious habit of nose-picking There soon 
results an abrasion of the septal mucosa with subsequent bleeding 
By far the^ greatest number of cases of epistaxis is caused by a 
telangiectasia in the region of the anterior lower portion of the nasal 
septum, which is known as Little’s or Kiesselbach’s area This bleed- 
ing may, as a rule, be controlled by the topical application of chromic 
acid head or the use of the galvanocautcry. The bleeding site should 
be anesthetized with a 10 per cent solution of cocaine and the area 
gently touched. When using the galvanocautcry the point should 
never be heated to a wh'te glow as in stich cases the cautery tip will 
cut rather than cauterize. 

Radium has also been advocated. It Is used to produce an obliterat- 
ing fibrosis of the telangiectatic vessels. The dosage that has been 
described is, 75 to 100 mg. hr. of the radium element After proper 
cocamization, a 2s-mg. capsule screened with 0.5 mm. of platinum, 
brass, and gutta-percha is placed beside the lesion and permitted to 
act for 3 or 4 hrs. If necessary, a similar application may be re- 
peated from 4 to 6 weeks later. The exact value of this procedure 
has not as yet been definitely determined. Electrocoagulation has 
been advocated in this region for the purpose of destroying these 
Vessels. Extreme caution is advisable in the use of this powerful 
agent since not a few cases of septal perforation have followed its 
use. The galvanocautcry is recommended in preference to electro- 
coagulation. 

Acute Rhinosinusitis 

This condition is characterized by acute inflammation of the mucous 
membrane of the nose. In practically every rhinitis or “cold” the 
involved at the same time The symptoms are well known. 

. L y sensation, malaise, nasal blockage and discharge, together 

n a more or less severe headache, are the usual complaints. Upon 
nspection the turbinals are swollen and edematous, preventing a good 
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inspection of the deeper parts. In addition the mucopurulent dis- 
charge is present. An x-ray taken at this time may show a slight hazi- 
ness or even distinct cloudiness of the paranasal sinuses. 

Treatment. — In the treatment, systemic measures may be of de- 
cided use. A hot bath followed by a glass of hot lemonade and the 
exhibition of empirin compound are measures that may promote free 
sudoresis. Liquids should be forced, and measures should be taken to 
evacuate the bowels. Locally the nose should be treated by instilling a 
three per cent aqueous solution of ephedrine by means of a dropper or 
an atomizer. The resultant shrinkage of the nasal mucosa wll promote 
ventilation and drainage of the sinuses. Ephedrine is best used at four- 
hour intervals. Between treatments, mild silver antiseptics, such as 



Fic. 10. — Illustration showing Braenning’s electric head cabinet in use 


argyrol or neosilvol, may be dropped into the nose. Physical measures 
may be of aid. Capillary suction, for which a nasal suction tip is used 
(Fig. i), is frequently of aid in removing the secretions from the nose. 
Infra-red irradiations over the face and sinus areas may also be of 
help. Twenty-minute exposures several times a day are advocated. 
During the exposure the eye should be covered with moistened gauze. 
One may also employ the Bruenning electric head cabinet (Fig lo) fo^ 
a similar purpose. The cabinet is constructed so as to fit about the 
head. On the inside are electric light bulbs which are the source of the 
heat. Results obtained by the use of the Bruenning cabinet are in no 
way superior to those obtained with the customary type of therapeutic 
heat lamp. Diathermy, while advocated, has not proved of much bene- 
fit in these conditions. 

In children general body irradiation with ultraviolet rays is said 
to prevent recurrent attacks of rhinitis. 
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Chronic Hypertrophic Rhinitis 

This condition is the familiar “catarrh” that the rhinologist is fre- 
quently confronted with. There easts a state of chronic turgescence 
or hypertrophy of the nasal mucosa, especially about the inferior 
turbinate. Repeated colds and dietary deficiency may have something 
to do Avith its production. Sinus pathology is frequently associated 
with it and may be the basic cause. The most pronounced symptoms 
manifested are impairment of nasal respiration and nasal discharge. 

Treatment. — In the treatment of this condition any systemic dis- 
ease or dietary deficiency should receive adequate consideration. The 
paranasal sinuses require investigation and treatment if at fault. 
Local measures applied to the nose, such as shrinkage unth ephedrine 
and the use of the Dowling argyrol packs, may be of service. 

Physical measures have also been advocated. Medical diathermy 
has been of little or no benefit, in our hands, at least. WTien a large 
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bulbous inferior turbinate is the cause of the difficulty in respiration, 
It may be reduced in some instances by (he use of the galvanocaxitery. 
A special nasal cautery tip ( Fig. 1 1 ) is heated to a bright red and the 
mucosa of the turbinal seared after proper anesthesia has been ef- 
fected. It is well to place two parallel sears along the entire length 
of the medial aspect of the turbinate, as well as one under its inferior 
aspect. After the cautery one might lake the precaution to insert a 
piece of Wax paper sterilized by immersion in bichloride or alcohol be- 
tween the turbinate and the septum in order to prevent the formation 
of a synechia. 

Intramural Electrocoagulation of TuRniNATES. — One of the 
authors has recently elaborated a method of electrocoagulation of 
the turbinal to be used in place of the cautery. The cautery has the 
disadvantage of being followed by a marked reaction and by the for- 
joation of crusts and sometimes of adhesions. Secondary hemorrhage 
*s also not unknown. The method advocated has none of these disad- 
antages. A special needle electrode (Fig. is), made by insulating a 
dng surgical needle with a special bakelitc compound within a milli- 
ffs point, is used. TLie needle electrode is fitted into one of 
e customary handles and connected to a diathermy machine. In use 
is inserted into the head of the inferior turbinate and carried 
°hg the medial aspect of the bone tenvards the posterior extremity 
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of the turbinal (Fig. 13); then, by means of a foot switch, the current 
is turned on and the needle is slowly withdrawn. One may also inter- 
rupt the current at varying intervals. Two such coagulations are placed 
within the turbinal along its medial aspect, and one coagulation, along 
its inferior aspect (Fig, 14). Before the needle is used on the patient, 
the strength of the current is adjusted by trying it on a piece of beef. 
The proper current is found when one is able to produce an area of 
coagulation of about one or two millimeters around the needle point. 




Fio tj<— GuUmatv electrode Jot initamuTat elcclrocoafulallon o{ the iaterior tutbmate 



Fic. 13 — Course of the turbinal electrode within the body of the inferior turbinate. 

While many gratifying results have been obtained, the use of 
this method has not been observed sufficiently long ior its value 
to be definitely ascertained. The danger of infection within the cavern- 
ous tissue or of osteomyelitis of the turbinal bone, due to destruction 
of the periosteum, has not been lost sight of, but as yet has not 0^ 
curred. Theoretically any Infection introduced with the needle should 
have been destroyed by the coagjulation and further, the amount of 
periosteum that may be involved in the coagulation is only about a 
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millimeter in extent so that the slight loss of the nourishing mem- 
brane may not be of practical importance. 

Zinc Ionization. — Zinc ionization has also been advocated as a 
measure that may decrease the discharge and relieve obstruction. Its 
exact value has not as yet been definitely established, but it is well 
worth a trial. The nose is first cleansed by capillary suction and the 
entire nasal chamber is packed with strips of gauze impregnated with a 
one per cent solution of zinc sulphate. A flexible wire is fixed into the 
packing and connected to the positive terminal of a galvanic appara- 
tus. The negative terminal is suitably applied to the patient’s arm, the 



Kic. ^4— Cross section of inferior turbinates, showing the location of the several streaks 
of electrocoagulation in relation to the pcnosleum of the turbinate. 

current is then gradually turned on until about lo ma. are being 
utilized, and this is permitted to act from lo to is min. while the 
current is slowly decreased. The pack is then removed. The mucosa 
will be found to have a shrunken, grayish appearance. Improvement 
IS said to manliest itself within a week, although the symptoms some- 
times may be aggravated for a day or two. In obstinate cases the 
procedure should be repeated at w’eekly intervals. 

Atrophic Rhinitis 

'The clinical picture of fetor rx nasi, associated with the intranasal 
‘Accumulation of greenish crusts and the “roomy” appearance of the 
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nasal fossa, is so characteristic that no further description will be 
attempted. 

The cocci-bacillus of Prez and Abel is supposedly the offending 
organism and is found in conjunction with many other organisms, 
especially the pseudodiphtheria bacillus. 

In the treatment measures that aid in the removal of crusts are indi* 
Gated. Various stimulating medicaments may be applied locally. Vac- 
cine therapy has not been successful. Operative measures to decrease 
the roominess of the nose, such as the submucous implantation of 
ivory or various other procedures for moving the lateral nasal wall 
towards the midline, have been advocated with excellent results in 
many cases. This is especially true in ivory implants. Physical methods 
have also been utilized. The use of intranasal quartz has been attended 
with but little success in the authors* hands. More promising is the use 
of radium. Two 50-mg. tubes of radium screened with 0.2 mm. of 
platinum and enclosed in a i-mm. brass tube are inserted against 
the lateral wall of the nose for one hour on each side. Within a week 
an acute reaction will occur which subsides within two or three weeks 
wth a decrease in the fetor and scab formation. Three to five such 
treatments may be given at appropriate intervals. Sufficient experience, 
however, has not been had with this method, so that further trial is 
necessary before its worth can be definitely evaluated. 

Intumescence of Inferior Turbinal 

This very common condition, which is undoubtedly due to a vaso- 
motor instability, is manifested as an alternating impairment of nasal 
respiration. The turbinal, although engorged, shows little if any 
other change. The condition occurs most frequently in sensitive and 
highly nervous patients who are frequently oversexed. It may be due 
to an endocrine imbalance or allergic state. The turbinate shrinks 
readily upon the use of ephedrine or cocaine. In the treatment sys- 
temic measures are of importance. In addition one may utilize the 
galvanocautery, intramural electrocoagulation, or zinc ionization of 
the turbinate, as described above. 

Chronic Sinusitis 

It is beyond the scope of a work such as this to describe even 
briefly the various factors involving the etiology, symptomatology, 
pathology, and diagnosis of the various diseases of the paranasal 
sinuses. Instead, there will be discussed only those pertinent physical 
procedures that are of value in the diagnosis or treatment of the 
affections. 

Transillumination. — By transiHumination one can obtain some 
idea as to the extent or size of a sinus, as well as some conception as to 
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the pathologic process that may be found within its confines. The pro- 
cedure consists of passing a strong light through the nasal cavity by 
means of an appropriate transilluminator. The irontal sinuses may be 
illuminated by placing the transilluminator into the superior internal 
aspect of the orbit (Fig. 15), well up against the frontal bone. The 
procedure must, of course, be carried out in a dark room In health the 
entire sinus will show an even red illumination. However, if the sinus 
is absent, or if it contains pus or is lined by a thickened pathologic 
membrane, the illumination will be absent or decreased, depending 
upon the condition. One must always illuminate the opposite sinus 
and use it as a basis of comparison. 

The maxillary sinuses may be transilluminatcd by placing the 
transilluminator within the mouth. One must remember to remove all 
artificial dentures. Normally there should be an area of illumination 
about the antral regions, a slightly darkened area over the malar 
process, and above this another illuminated region under the eyes. 
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Fic 15— TransiJluroin-.Ucn of frontal smus« 

, Fic 16 — Transillumination of the matiHary sinuses 


In addition there is frequently found a red reflex in the pupils. In 
pathologic conditions the illuminated portion will show varied de- 
grees of shadow, depending upon (he degree of pathologic process 
present. One may also place a transilluminator behind the rim of the 
orbit (Fig. 16) and note the presence or absence of illumination within 
the mouth in the region of the palate It is well to remember that in 
early pathologic or atrophic processes of the sinus mucosa, the illii- 
tamalion may approach the normal and also that in well-healed 
membranes the tramillummation may be decreased and even absent. 
^ransiUumiiiation should be used only as any other laboratory aid. 
namely, as a means of confirmation in establishing a diagnosis. 

Roentgenograms. — X-rays should also be used as an aid in cstab- 
nsmng or confirming the diagnosis; especially since the advent of 
radiopaque oils, we have a means at our command that may give us 
tnmufe details as to the nature of the pathologic membrane lining 
sinuses. The use of the radiopaque oils is a definite refinement in 
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nasal fossa, is so characteristic that no further description will be 
attempted. 

The cocci-bacillus of Prez and Abel is supposedly the offending 
organism and is found in conjunction with many other organisms, 
especially the pseudodiphtheria bacillus. 

In the treatment measures that aid in the removal of crusts are indi- 
cated. Various stimulating medicaments may be applied locally. Vac- 
cine therapy has not been successful. Operative measures to decrease 
the roominess of the nose, such as the submucous implantation of 
ivory or various other procedures for moving the lateral nasal wall 
towards the midline, have been advocated with excellent results in 
many cases. This is especially true in ivory implants. Physical methods 
have also been utilized. The use of intranasal quartz has been attended 
with but little success in the authors* hands. More promising is the use 
of radium. Two so-mg. tubes of radium screened with 0.2 mm. of 
platinum and enclosed in a i-mm. brass tube are inserted against 
the lateral wall of the nose for one hour on each side. Within a week 
an acute reaction will occur which subsides within two or three weeks 
with a decrease in the fetor and scab formation. Three to five such 
treatments may be given at appropriate intervals. Sufiicient experience, 
however, has not been had with this method, so that further trial is 
necessary before its worth can be definitely evaluated. 

iNTUiraSCENCE OF INFERIOR TURBINAL 

This very common condition, which is undoubtedly due to a vaso- 
motor instability, is manifested as an alternating impairment of nasal 
respiration. The turbinal, although engorged, shows little if any 
other change. The condition occurs most frequently in sensitive and 
highly nervous patients who are frequently oversexed. It may be due 
to an endocrine imbalance or allergic state. The turbinate shrinks 
readily upon the use of ephedrine or cocaine. In the treatment sys- 
temic measures are of importance. In addition one may utilize the 
galvanocautery, intramural electrocoagulation, or zinc ionisation of 
the turbinate, as described above. 

Chronic Sinusitis 

It is beyond the scope of a work such as this to describe even 
briefly the various factors involving the etiology, symptomatology, 
pathology, and diagnosis of the various diseases of the paranasal 
sinuses. Instead, there will be discussed only those pertinent physical 
procedures that are of value in the diagnosis or treatment of the 
affections. 

Transillumination. — By transiUumination one can obtain some 
idea as to the extent or size of a sinus, as well as some conception as to 
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Capillary Suction. — Various methods of giving aqueous irriga- 
tions have been utilized in the past, but they have been condemned 
except in certain conditions. The deleterious effect of aqueous irriga- 
tion upon the nasal sinus and mucous membrane has been fairly well 
established both by experimental study and clinical observation; there- 
fore we advocate the use of capillary, suction in order to evacuate 
secretions from within the nasal chambers. The source of the vacuum 




Fic 19 — Water t>pc suction appanilus, with oIiNc-tippetl end 


may be the various power pumps or one of the several tj*pes of water 
suction pumps (Fig. 19). An appropriate handle (Fig. i), such as 
the Beck, is necessarj’. Upon it one may attach relatively large-bore 
nasal suction tips or the fmer-borc aural tii«. One may also attach to 
the handle a trochar that has been introduced into the antrum in order 
to remove the contained secretions. One may likewise employ the large 
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diagnostic technic. By these means definite data regarding the size, 
shape, and position of a sinus can be obtained. Moreover, a clue may 
be found as to the presence or absence of a pathologic process within 
the sinus cavity. The use of the oil is especially helpful in distinguish- 
ing hypertrophic membranes, cysts, tumors, and mucoceles of the 
sinuses. Furthermore, by studying the time interval required by a 
sinus to rid itself of the radiopaque oil, one may obtain some idea 
as to the functional activity of the ciliary mechanism. A normal sinus 
should empty itself within from 72 to 96 hr. Should a longer time be 
required, obstructions to the sinus ostium or pathologic impairment 
of the ciliary membranes must be considered. The radiopaque oil may 
be introduced into the sinuses by means of a suitable trochar or the 
displacement method of Ptoet2. 

Diagnosis. — Displacement Irrigation. — For diagnosis, one may 
employ lipiodol or bromodol. An x-ray taken with the contrast fluid 
within the sinus will aid in giving information regarding the patho- 
logic status of the sinus membrane as well as the functional activity. 
In therapy one may employ various medicaments to affect the sinus 
membranes. A one-half per cent solution of ephedrine may be used to 
cause shrinkage of the mucosa and a five per cent solution of neo- 
silvol may act as an antiseptic. Besredka’s antivirus may also be used. 

Treatment — Displacement Irrigation. — A profound effect has 
been exerted upon roentgenographlc technic and interpretation, and 
to a lesser extent upon the therapy of sinus condition, by Proetz’s con- 
tribution of displacement irrigation. The problem is to introduce into 
a relatively large sinus having a small opening some fluid used 
for either diagnosis or treatment. It is apparent that the fluid can 
replace the air within the sinus only when the latter has been re- 
moved. This may be accomplished by overlaying the sinus opening 
with the fluid and then exerting a negative pressure over the orifice. 
This will cause small bubbles of air to be evacuated from the sinus; 
upon permitting the return of the pressure to normal, the overlying 
fluid will be aspirated into the sinus to take the place of the air. 

In actual practice, this is achieved by putting the patient in a 
supine position with the head so placed that the orifice of the sinus 
to be investigated or treated is uppermost. In case of the sphenoid the 
bead is put into a pendant position so that the chin and the auditory 
meatus are in the same vertical line. Several cubic centimeters of 
the fluid are then introduced into each nostril (Figs. 17 and 18), a 
small hand bulb being used to evacuate the air. The bulb is com- 
pressed and tightly applied to one nostril, the other being closed, and 
the patient is then instructed to say “K, K, K” several times, thus 
closing the nasal pharynx. At each vocalization, the bulb is permitted 
to expand, thus producing the negative pressure. This procedure 
should be repeated several times. 
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Tuberculosis and Lupus of Nose and Throat 

The lesions are not commonly seen except in tuberculosis centers 
and institutions. In tuberculous ulcerations of the nose, the patient 
will complain of crusting epistaxis and impaired respiration. Intra- 
nasal examination may disclose a typical yellowish ulcer having a 
characteristic nibbled undermined edge. The lesion will most fre- 
quently be found upon the cartilaginous portion of the septum. Lupus 
of the nose is frequently associated with the same lesion of the face 
and nasal alae. Here the patient may also complain of nasal blockage 
and crusting and in addition may have an acrid nasal discharge. Ex- 
amination may show typical “apple jelly” nodules as well as super- 
ficial yellowish ulcerations and rose-colored, raspberry-like granula- 
tions. 

Treatment. — In the treatment the primary tuberculosis must re- 
ceive adequate attention. Generalized body irradiation with the uUra^ 
violet ray, or natural heliotherapy, is of help. Locally one may cauter- 
ize the ulcers and granulations with lactic acid or even the galvano' 
cautery. Localized ultraviolet irradiation, especially with (he modified 
carbon arc lamp developed by Wesscly, may be of great aid towards 
obtaining a cure. The lesion should be irradiated at intervals of one to 
three days until healing has occurred. The length of the session 
varies. One should start with three minutes’ irradiation and rapidly 
increase the dosage until a lo or 15 minute period is developed. 

Tuberculous ulcerations of the phaiynx may be seen to coexist 
with a laryngeal tuberculosis. The patient, as a rule, will complain of 
discomfort in swallowing that may become progressively worse until 
extreme dysphagia is present. Examination of the pharynx will dis- 
close a typical superficial ulceration having a yellowish base and a 
nibbled undermined edge. The lesions may be found upon the pharynx, 
pillars, or tonsils. The treatment is the same as that described for 
lesions within the nose. 

Malignant Tumors of Nasal Sinuses 

Carcinoma and sarcoma are the most frequent types of malignancy 
found in the paranasal sinuses. Although sarcoma appears in the verj’ 
young, it is just as frequently seen in adult life. Carcinoma, how- 
ever, appears in the later decades. The symptoms that are most 
frequently encountered are pain and swelling of the cheek, associated 
with nasal discharge of a hemorrhagic character and rcspiratoiy block- 
age. Encroachment upon the orbit may cau«c a propiosis or deviation 
of the eyeb.ill The roentgenogram will disclose a blocked-out sinus 
with definite invohement of the surrounding bony wall. Extension up- 
wards, which is especially frequent in ethmoid neoplasms, is often 
followed by meningitis; or dc.*ith may be caused by an extensive 
hemorrhage or a terminal cachexia. 
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olive-suction tip to the nose in order to evacuate secretions from the 
sinuses as a means of diagnosis. The glass olive tip is connected to 
the suction apparatus and applied to one nostril, the other nostril 
being closed. The patient is instructed to say “K” several times while 
the suction is acting. Should there be any purulent secretions within 
the sinuses, they may be found after this mass suction in the region 
of the various ostia has been carried out. 

Intranasal Quartz Therapy and Medical Diathermy. — In 
spite of the many enthusiastic reports regarding the use of these two 
agents in the treatment of sinus and nasal disturbances, we have 
found that little, if any, benefit has been derived from them in actual 
practice. General ultraviolet irradiation or natural heliotherapy may be 
of some value in the treatment of sinus disease in children. 

Nasal Polypi 

This rather common rhinologic condition presents such a character- 
istic intranasal picture that it admits of easy diagnosis. The orthodox 
removal with a snare and even the performance of an ethmoidectomy 
do not, as a rule, prevent their recurrence. Several physical meas- 
ures for limiting and preventing reformation of polypi have been 
advocated. 

Treatment. — Galvanocautery and electrocoagulation of the re- 
mains, after the removal of polypi, have been advocated. Undoubtedly 
cicatrization after the use of these agents may prevent or retard the 
reformation of these growths. However, more extensive trial and ob- 
servation will be necessary before these procedures can be accepted 
as safe and effective. The possibility of intracranial complications fol- 
lowing these procedures should be borne in mind. It is well to wait a 
sufficiently long period of time after the surgery has been performed 
before utilizing galvanocautery or electrocoagulation. Only small areas 
should be coagulated at a time and care must be taken to employ 
only minimal amounts of current. 

Radium has also been advocated as a means of preventing or im- 
peding the reformation of polypi after surgical removal. It has been 
stated that the use of radium will cause an inhibition in the activity 
of the nasal mucosa with a decrease in the vascularity by the pro- 
duction of an endarteritis and also with an increase in fibrosis, thus 
preventing the recurrence of polypi. A 50-mg. capsule of radium 
properly screened is applied to the ethmoid region and held in place 
by means of a pack. The radium is permitted to remain in situ from 
two to four hours. If recurrences appear, it is advised that these be 
removed and the radium irradiation repeated. It is stated that any 
recurrences which may appear are of a more fibrous character and 
that there wll be no recurrences after the third irradiation. However, 
we have found recurrences even after four and five treatments. 
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times. The wound must be packed wide open and carefully watched 
foi any evidence of recuTTence. Any suspicions tegrowlb should be 
subjected to immediate diathermic destruction. If there is any question 
regarding the lack of innocence of what is apparently a granulation, a 
confirmatory biopsy should be performed. 

It might be well at this time, or shortly after, to introduce four tubes, 
each containing twelve and one-half milligrams of radium properly 



Fig jo — Wat cast showing method of app1>inc a radium collar to neck (Courlcs) of 
Dr A J I Jrkin ) 

screened and left in place for 72 hours. The neck may be irradiated by 
means of a radium collar (Fig. 20), described in the next section, at 

the same time or at some later period. _ 

It must be admitted that the mutilation and disfigurement with 
such radical surgery are verj’ noticeable, but one may utilize a tem- 
porary pro<itho«i«; to cover the defect. The patient must return at 
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Treatment. — The treatment of malignant tumors of the paranasal 
sinuses is indeed a melancholy chapter in the practice of medicine. 
In general the appearance of metastatic glands in the neck presup- 
poses an inoperable condition. However, recent reports shed some 
encouragement in these cases in which the primary growth has been 
widely removed and the gland-bearing regions of the neck resected 
en bloc or subjected to heavy irradiation therapy. Irradiation with 
x-ray and radium for malignancies has, of course, been enthusiasti- 
cally advocated. The authors’ experience has not been very happy; it 
is better to depend upon thorough radical surgical removal of the 
growth, leaving the wound wide open for observation, and to utilize 
irradiation as a postoperative adjunct. The method of choice is electro- 
surgery. ^ 

In the use of electrocoagulation for nasal malignancies, local anes- 
thesia may be given. However, on account of the extensive surgery 
to be employed, the authors have utilized rectal ether, avertin, or high 
spinal anesthesia. Due to the high percentage of secondary hemor- 
rhage, it is well to perform a preliminary ligation of the external 
carotid upon the affected side. The neck incision should be wide to 
permit investigation of the cervical lymphatics. Should these be af- 
fected, their complete removal cn bloc after the manner of Trotter 
is advocated. In some cases it may be necessary to resect muscles 
and even sacrifice the large vessels on one side of the neck. After the 
neck operation has been terminated, the face operation may be per- 
formed. An appropriate incision over the site of the growth is made 
and the skin is reflected. In ethmoid and sphenoid growths the indsion 
will be along the inner canthus and side of the nose, and in cases of 
malignancy of the antrum the same incision may be curved wide across 
the cheek. The incision may be made with either the cold knife or the 
tissue-cutting current. The limits of the growth should then be estab- 
lished as accurately as possible and an area of electrocoagulation 
thrown about it well into the healthy tissues so as completely to 
circumvallate the neoplasm. 

At this time it would be well to place a pack into the nose to pre- 
vent the entrance of free blood into the nasopharynx. The growth 
should then be coagulated and removed piecemeal by the curette. The 
tumor tissue should be followed to its limit, regardless of anatomic 
considerations. The dura, however, should be properly respected, but 
if the orbit is invaded and the eye affected, it should be sacrificed. 
All necrotic bone should be removed and resection of a small portion 
of healthy tissue about the limits of the growth is advocated wherever 
possible. The entire wound should then be treated with the coagulaN 
ing current and hemostasis should be effected A vaseline gauze pack 
should then be inserted. If the procedure upon the face is of any mag- 
nitude, it is best to perform the sinus and neck operations at different 
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times. The wound must be packed wide open and carefully watched 
for any evidence of recurrence. Any suspicious regrow-th should be 
subjected to immediate d'latkermic destruction. If there Is any question 
regarding the lack of innocence of what is apparently a granulation, a 
confirmatory biopsy should be performed. 

It might be well at this time, or shortly after, to introduce four tubes, 
each containing twelve and one-half milligrams of radium properly 
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screened and left in place for 72 hours. The neck may be irradiated by 
J^eans of a radium collar (Fig, 20), described in the next section, at 
he same time or at some later pcri(^. 

U must be admitted that the mutilation and disfigurement wth 
such radical surgerj' are vcr>' noticeable, but one may utilize a tern- 
P^^rarj’ prosthesis to cover the defect. The patient must return at 
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stated intervals for careful observation of the wound. After the cer- 
tainty of a cure is established, the defect may be repaired by a plastic 
proc^ure or by the use of a permanent prosthesis. 

Malignant Tumors op Nasopharynx 

Sarcomas, carcinomas, and lympho^pitheliomas are the most fre- 
quent types of malignant neoplasms that are found within the post- 
nasal space. The sarcomas, while more frequent during early life, may 
be found at all ages. Carcinomas may appear in older individuals. 
The earliest symptoms are nasal blockage, change in voice, and 
sometimes deafness or middle ear suppuration due to the invasion of 
the eustachian tube. Hemorrhages are not infrequent. The extension 
of the growth into the nearby jugular foramen may give rise to the 
syndrome of unilateral paralysis of the palate, pharynx, tongue, larynx, 
sternomastoid, and trapezius muscles. As the growth progresses a 
typical frog-face appearance will be manifested. The diagnosis is, of 
course, definitely established by biopsy and the prognosis is as a rule 
grave, if not altogether hopeless. 

Treatment. — One may attack the neoplasms with surgical d/a- 
thervty as noted under nasopharyngeal fibroma. 

Radium emanation may also be used. Gold seeds containing 1.5 
to i millicurifis to every cubic centimeter present should be implanted. 
A radium’CoUar should be applied to the neck. This is made by placing 
6 tubes containing twelve and one-half milligrams of radium three 
centimeters apart and two and one-haU centimeters from the skin 
around the neck (Fig. ro). Proper beta screening must, of course, be 
employed. The collar is then secured by a bandage, which must be 
renewed daily, and the radium permitted to act for four days, thus 
giving a dosage of about 7,200 mg. hr. at a distance of tivo and one- 
half centimeters. 

However, these measures are but palliative in nature and a fatal 
outcome is the rule. 


Nasopkarvngeal FrnsoAiA 

This rather tare tumor appears as a sessile growth within the vault 
of the nasopharynx, arising as a rule from the underljdng periosteum. 
It is essentially a tumor of the young, appearing most often between 
the ages of 10 to 15 years, Althou^ histologically benign, fibromas 
may become clinically malignant due to encroachment upon vital 
structures. 

The symptoms are mainly those of nasal obstruction and a peculiar 
change in voice, a rhinolalia obstructiva. The diagnosis may be 
easily established by the use of a postthinoscopic mirror and by pal- 
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pation. The tumor must be distinguished, however, from a malignant 
neoplasm. 

Treatment. — The surgical excision is a difficult procedure that is 
fraught with danger. It is best to destroy the growth by the use of 
surgical diathermy. If the neoplasm is small, it may be exposed by 
pulling the soft palate forward by means of two catheters passed 
through the nose. If a larger growth is present, the soft palate may 
have to be split or even an extensive lateral rhinotomy performed in 
order to secure adequate exposure. The coagulation should be effected 
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m several treatments and a postnatal pack mu^t be held in rea/Jiness 
^ ^ hemorrhage. 

Radium emanation has aho been arfvocated in the treatment of 
nasopharjmgeal fibromas. Gold seerls containing r.5 to 2 millicuries 
be inserted into the growth hy meam of an appropriate afv 
piicator (Fig^ 2s), u>ing one "eed for every square centimeter of 
umor ba*e. The application will have to l>e repealed at certain 
intervals. 
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■ • Chronic Follicular Pharyngitis 

This condition, which is. frequently seen, consists in the hypertrophy 
of the isolated lymphoid follides situated in the pharyngeal mucosa. 
There may be an associated chronic spheno-ethmoiditis and post- 
nasal drip. The diagnosis is easily made upon inspection of the poste- 
rior pharyngeal wall. Attention to the primary nasal condition is of 
the utmost importance in the treatment. The individual follicle may 
be destroyed by electrocoagulation with an appropriate elongated in- 
sulated electrode. 


Alveolar Fistulas 

Fistulation into the antrum may be seen following the removal of 
teeth that have been anatomically related to the antrum. The dental 
practice of curetting the socket following the extraction, during which 
the curette is pushed into the antrum, is probably the most im- 
portant cause of its formation. These fistulas tend to heal provided 
an extensive sinus infection is not present. However, should there be 
a great deal of suppuration, tendency towards healing is practically 
absent, and the fistulas will become lined with epithelial membrane. 

The closure may be difficult in some cases. The antrum should re- 
ceive proper care and an intranasal window or radical sublabial 
operation may be necessary. The fistula itself may be cauterized with 
trichloracetic acid. We have had more success by using the actual cau- 
tery upon the fistula. Should these measures prove ineffective, a plas- 
tic closure involving a sliding mucoperiosteal flap may be necessary. 


Chronic Tonsillitis 

Diathermy. — Physical agents have been repeatedly advocated as 
substitutes for orthodox methods in the treatment of chronic tonsillar 
disease. Medical diathermy and ultraviolet irradiation to the tonsils 
are mentioned only to be condemned as of little, if any, practical 
value. Surgical diathermy is a method that may be of value in certain 
selected cases. The removal of tonsils by means of electrothermic 
methods cannot, as yet, displace accepted surgical procedures. One 
may use them in place of certain definite contraindications to surgery, 
such as diabetes and hemophilia, or in other systemic conditions in 
which the physical state may make the orthodox procedure hazardous. 
They may also be utilized when patients refuse the orthodox tonsillec- 
tomy due to timidity or apprehension. Surgical diathermy has a pro- 
nounced field of usefulness in destroying pHcal overgrowths that are so 
frequently observed after tonsillectomy. It is also a method of choice in 
.removing portions of tonsil that have been left by inexpert removal. 
Surgical diathermy may be utilized in two ways in the eradication of 
tonsillar disease. 
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Radium Therapy. — Radium therapy may be considered in the face 
of definite contraindications to surgery or surgical diathermy. How- 
ever, we question the advisability of enclosing a focus of infection in a 
fibrous scar tissue, as occurs after radium therapy. For those who may 
wsh to utilize radium in chronic tonsillitis, the following technic has 
been used satisfactorily: The tonsils are cocainized with lo per cent 
cocaine applied by a swab and then gold radon seeds containing one or 
1.5 millicuries are implanted for each cubic centimeter of tonsil tissue. 
We have had atrophy occur after using one seed in small tonsils and 
two seeds in large tonsils. 

Tissue-Cutting Current. — ^The tissue-cutting current may be used 
to dissect or enucleate the tonsil. This method, however, presents no 
particular advantages over the ordinary cold scalpel or snare. Al- 
though the current may seal capillary vessels, those of moderate size 
bleed just as readily when cut by the current as when cut during 
the ordinary surgical technic. Secondary hemorrhage is probably more 
frequent. For these reasons we have discontinued the use of this type 
of current in tonsillar surgery. . 

Electrocoagulating Current. — Surgical diathermy may be used by 
employing the electrocoagulating current in the piecemeal removal of 
the tonsils. Small portions of the tonsil may be electrocoagulated, or 
electrodesiccated, at successive sessions. However, this method in the 
inexpert operator’s hands, at least, is open to question. If the operator 
is too timid, he may coagulate only the superficial parts of the tonsil 
and thus seal an infectious process within the crypts. There is also 
danger of the inexpert operator’s going to the other extreme and 
coagulating beyond the confines of the tonsillar capsule. The integrity 
of the pillars and the pharyngeal musculature must be as closely 
respected when using electrocoagulation as when using a knife. More- 
over, postoperative sloughing with dangerous secondary hemorrhage 
is not an infrequent complication. Deep and submerged tonsils may 
be difficult to treat by the coagulating current without endangering the 
surrounding structures We have, therefore, abandoned electrocoagu- 
lation of the tonsils except when faced with certain conditions as men- 
tioned above, and employ it mainly for the destruction of tonsillar 
remnants and plical overgrowths. 

Technic of Electrocoagulation. — Local anesthesia of the tonsils, 
palate, pharynx, and base of the tongue is effected by the use of a lo or 
20 per cent cocaine solution. This solution is repeatedly sprayed or 
swabbed over the area at intervals of three or four minutes. WTien 
anesthesia is complete, the procedure may be started. The patient 
sits in a chair in an upright position and a large indifferent electrode 
»s placed against the back so as to maintain a firm contact. The 
apparatus should have been previously adjusted to deliver a current 
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Chronic Follicular Pharyngitis 

This condition, which is frequently seen, consists in the hypertrophy 
of the isolated lymphoid follicles situated in the pharyngeal mucosa. 
There may be an associated chronic spheno-ethmoiditis and post- 
nasal drip. The diagnosis is easily made upon inspection of the poste- 
rior pharyngeal wall. Attention to the primary nasal condition is of 
the utmost importance in the treatment. The individual follicle may 
be destroyed by electrocoagulation with an appropriate elongated in- 
sulated electrode. 


Alveolar Fistulas 

Fistulation into the antrum may be seen following the removal of 
teeth that have been anatomically related to the antrum. The dental 
practice of curetting the socket following the extraction, during which 
the curette is pushed into the antrum, is probably the most im- 
portant cause of its formation. These fistulas tend to heal provided 
. an extensive sinus infection is not present. However, should there be 
a great deal of suppuration, tendency towards healing is practically 
absent, and the fistulas will become lined with epithelial membrane. 

The closure may be difficult in some cases. The antrum should re- 
ceive proper care and an intranasal window or radical sublabial 
operation may be necessary. The fistula itself may be cauterized with 
trichloracetic acid. We have had more success by using the actual cau- 
tery upon the fistula. Should these measures prove ineffective, a plas- 
tic closure involving a sliding mucoperiosteal flap may be necessary. 


Chronic Tonsillitis 

Diathermy. — Physical agents have been repeatedly advocated as 
substitutes for orthodox methods in the treatment oi chronic tonsillar 
disease. Medical diathermy and ultraviolet irradiation to the tonsils 
are mentioned only to be condemned as of little, if any, practical 
value. Surgical diathermy is a method that may be of value in certain 
selected cases. The removal of tonsib by means of electrothermic 
methods cannot, as yet, displace accepted surgical procedures. One 
may use them in place of certain definite contraindications to surgery, 
such as diabetes and hemophilia, or in other systemic conditions in 
which the physical state may make the orthodox procedure hazardous. 
They may also be utilized when patients refuse the orthodox tonsillec- 
tomy due to timidity or apprehension. Surgical diathermy has a pro- 
nounced field of usefulness in destroying plical overgrowths that are so 
frequently observed after tonsillectomy. It is also a method of choice in 
.removing portions of tonsil that have been left by inexpert removal. 
Surgical diathermy may be utilized in two ways in the eradication of 
tonsillar disease. 
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away from the pillars With the electrode properly placed, the current 
is turned on by means of a foot switch for several seconds until a defi- 
nite blanched area of two or three millimeters is obtained. Under no 
circumstances may the blanching approach the region of the tonsillar 
pillars, as these must always be scrupulously avoided. Several of these 
punctures are then successively made, the sites being such that the re- 
sulting blanched areas will not quite come in contact with one another. 
It must be borne in mind that the final destruction will extend for sev- 
eral millimeters beyond the area of visible coagulation. About six to 
eight of such punctures may be made in each tonsil at one sitting. 
Any bleeding or oozing that may occur is stopped by sparking the 
bleeding site. In case of submerged tonsils or deep-lying stumps, the 
pillars must be carefully retracted by the insulated retractor noted 
above. 

After the session the patient is instructed to gargle the throat 
mildly with any antiseptic mouth wash several times a day and to 
return for observation at intervals of several days. The patient is 
further warned that there may be some discomfort and sore throat. 
Any such disagreeable sequelae may be treated by the use of ortho- 
form or thantis lozenges. Gum containing acetylsalicylic acid (asper- 
gum) may also be ot aid when chewed. 

The coagulum separates usually within a period of lo days, after 
which another treatment Is given. In the subsequent treatments, 
which may number four or five, one must be exceedingly careful to 
respect the integrity of the pillars and underlying pharyngeal muscu- 
lature. These boundaries of safety must not be passed and it is well 
ever to bear in mind that the carotid artery normally lies but one- 
eighth or one-fourth of an inch beyond the muscular confines of the^ 
tonsil, and that in some instances where the artery pursues an aber- 
rant course, it may be in actual contact with the constrictors of the 
pharynx. That this possibility is not only theoretical is attested by 
the fact that one of the authors saw in consultation one such case, in 
which an extensive massive hemorrhage followed the unintentional 
coagulation of the carotid artery, 

A number of modifications of the simple technic outlined above 
have been advocated at one time or another. Those that depend upon 
the use of button or ball electrodes are mentioned only to be con- 
demned. The bipolar method of tonsillar coagulation in which a metal- 
lic pillar retractor is used instead of the inactive electrode at the 
patient’s back has been receiving a great deal of popularity. The use 
of dcctrodciiccaiion instead of the coagulating current has also been 
advocated, but as yet has not received universal acceptance. 

X-Ray Irradiation. — A'-rcy irradiation for tonsillar disease has 
fallen more or less into disrepute and is employed only by the occa- 
sional enthusiast. However, for those who may wish to use this method, 
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that will cause an area of two or three millimeters to blanch after 
an interval of one or two seconds. The different types of apparatus 
will,, of course, require individual settings. Roughly speaking, how- 
ever, the proper current will be found when the ammeter shows a 
reading of about three or four hundred milliampercs, with the patient 
in the closed circuit. 






Fio jj.— Hamann Wpolat tonsil tlccliode. 



Fic. 23 — Enlargement, showing con^tniction of lip of Harmann bipolar tonsil electrode. 



Fio 24 — Insulated tongue depressor 


Fio, 25 — ^Insulated tongue retractor. 


A suitable electrode is then selected (Figs. 22, 23). A rubber com- 
pound or insulated tongue depressor and pillar retractor (Figs. 24, 25) 
are utilized to obtain a clear view of the operative field. The electrode 
is inserted into the supratonsillar fossa to a depth of one or two milli- 
meters. This point 0! entrance must be at least four or five millimeters 
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away from the pillars. With the electrode properly placed, the current 
is turned on by means of a foot switch for several seconds until a defi- 
nite blanched area of two or three millimeters is obtained. Under no 
circumstances may the blanching approach the region of the tonsillar 
pillars, as these must always be scrupulously avoided. Several of these 
punctures are then successively made, the sites being such that the re- 
sulting blanched areas will not quite come in contact nith one another. 
It must be borne in mind that the final destruction will e.'itend for sev- 
eral millimeters beyond the area of \isib1e coagulation. About six to 
eight of such punctures may be made in each tonsil at one sitting. 
Any bleeding or oozing that may occur is stopped by sparking the 
bleeding site. In case of submerged tonsils or deep-hung stumps, the 
pillars must be carefully retracted by the insulated* retractor noted 
above. 

After the session the patient is instructed to gargle the throat 
mildly with any antiseptic mouth wash several times a day and to 
return for obser\*ation at inteiuuils of several days. The patient is 
further warned that there may be some discomfort and sore throat. 
Any such disagreeable sequelae may be treated by the use of ortho- 
form or thantis lozenges. Gum containing acetylsalic>-lic add (asper- 
gum) may also be of aid when chewed. 

'Hie coaguium separates usually within a period of lo daj*s, after 
which another treatment is given. In the subsequent treatments, 
which may number four or five, one must be e.Tce^ingly careful to 
respect the integrity of the pillars and underMng phar>Tigeal muscu- 
lature. These boundaries of safety must not be passed and it is well 
ever to bear In mind that the carotid arter>’ normally lies but one- 
eighth or one-fourth of an inch beyond the muscular confines of the^ 
tonsil, and that in some instances where the arterj' pursues an aber- 
rant course, it may be in actual contact with the constrictors of the 
pharjmx. That this possibility is not only theoretical is attested by 
the fact that one of the authors saw in consultation one such case, in 
which an e.xtensive massive hemorrhage followed the unintentional 
coagulation of the carotid arterj*. 

A number of modifications of the simple technic outlined abo%'e 
have been advocated at one time or another. Those that depend upon 
the use of button or ball electrodes are mentioned only to be con- 
demned. The bipolar method of tonsillar coagulation in which a metal- 
lic pillar retractor is used instead of the inactive electrode at the 
patient’s back has been receiving a great deal of popularity. The use 
of electrodesiccation instead of the coagulating current has also been 
advocated, but as yet has not received universal acceptance. 

X-Ray Irradiation. — X-ray irradiation for tonsillar disease has 
f^len more or less into disrepute and is employed only by the occa- 
sional enthusiast. However, for those who may wish to use this method, 
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the technic is described. The patient is made to lie prone upon the 
treatment table with the head turned sharply to one side. The central 
beam is directed to pass into the side of the neck just posterior to 
the jaw. Five mUliainperes at loo kv., with a 30 cm, focal spot dis- 
tance, are given for 5 min. through a 3-mm. aluminum filter, using 
a s-cm. lead diaphragm at 15 cm. from the target. Both sides are 
treated at the same time and treatments may be repeated eight times 
at weekly intervals. 


pApitLOMAs OF Oropharynx 

Papillomas, which may easily be recognized, are found most fre- 
quently upon the palate tonsillar pillars and the uvula. They may be 
destroyed by resection and electrocoagulation of the base. 

Hyperkeratosis of Pharynx and Tonsils 

This affection is characterized by the formation of small, whitish 
masses upon the tonsils, the lower portion ol the pharynx, and es- 
pecially at the base of the tongue. The removal of one of these masses 
and the examination of it under the microscope will disclose the 
specific offender, the Leptotkrix bticcalis. 

If the affection is localized only to the tonsillar region, removal of 
the tonsils will be followed by a cure. In other portions of the pharynx 
and at the base of the tongue the treatment par excellence is the use of 
the sharp tipped gaivanocaulery or clccirocoagulation. Each of the 
little specks should be destroyed individually and only a small area 
should be treated at one sitting. After the procedure one may employ 
any of the various antiseptic mouth washes. 

Lingual Varices 

Lingual varices are easily recognized. They may be destroyed by 
using electrocoagulation. An appropriately bent insulated electrode is 
applied to the enlarged vein and the site of application is controlled by 
the use of the laryngeal mirror while the patient aids by holding his 
tongue with a piece of gauze Great care must be taken not to touch 
the epiglottis accidentally while the current is acting. 

Carcinoma of Tongue 

This fairly common condition is not, as a rule, difficult to diag- 
nose. When it is seen eariy, and especially when it is located on the 
dorsum or edge of the anterior third of the tongue, it may be amenable 
to destruction by electrocoagulation. 
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The growth should first be circumvallated by a zone of coagulation 
extending w’ell into the healthy tissues. The tumor proper may then be 
destroyed and removed piecemeal. It is probably better to remove too 
much than too little. If the lesion is at all extensive or if it is located in 
the posterior aspects of the organ, it might be well first to ligate the 
lingual artery as a precaution against postoperative hemorrhage. The 
succeeding wound must be carefully watched and any suspicious re- 
growth promptly destroyed. 

In unfavorable cases radium should be used as an adjunct to surgical 
diathermy. In favorable cases radium may be used in the form of gold 
radon implants of 1.5 to 2 milHcuries per cubic centimeter of tissue 
irradiating at least 0.5 centimeter beyond the margin The element in 
the form of needles of 0.5 millimeter platinum wall to the extent of 
120 to 160 milligram hours per cubic centimeter may also be used. 
They may be tied together in pairs or sutured in place singly and 
spaced parallel to one another i cm. apart. Heavy irradiation of the 
lymphatic areas of the neck should be given (Figs. 26, 27, 28). A 
radium collar carrying 75 to 100 mg. of radium in six or eight tubes 
may be used. The screen may vary from 0.5 to 1.5 mm. of platinum, 
the distance may be 2.5 cm , and the total dosage may be 7,200 to 
12,000 mg. hr. 


Laryngeal Paralyses 

Various types of laryngeal paralyses due to a diversity of causes 
may be seen by the laryngologist. They manifest themselves by a 
change in the speaking voice that may vary from hoarseness to com- 
plete aphonia. Examination of the larynx may disclose a fixed immo- 
bile cord or one that can make only feeble, lazy attempts at motion. 
The left cord is most frequently involved and may be due to pres- 
sure upon the recurrent laryngeal nerve by aneurysm, mediastinal 
growths and lymphadenopathy, thyroid malignancy, or resection. Bi- 
lateral paralysis of the larynx is observed in bulbar disease and after 
thyroid surgery. Many paralyses are seen in which no definite cause 
can be found after thorough investigation. These cases are often 
manifestations of a peripheral neuritis of the laryngeal nerves. 

Functional or hysterical paralysis is also seen. These cases have 
a. characteristic bowed appearance of the vocal cords. In addition, 
corneal and pharyngeal anesthesia, as well as other hysterical stig- 
mas, may be present. 

, treatment, of course, depends upon successfully ascertaining 
e cause and giving it adequate attention. Physical therapy may be 
0 value in hysterical paralysis and paralysis due to neuritis. 

In the hysterical form of paralysis, the use of the spectacular high- 
^ ‘^uj^cent to energize one of the glowing vacuum tubes, ap- 
P led about the thyroid region, may be of some value. One may also 
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use more or less painful faradic applications over the laryngeal region. 
Psychotherapy is very important in these types of cases and it should 
be borne in mind that many are resistant to treatment and that 
the services of a competent ncuropsychiatrist may be necessary. 

In laryngeal paralysis that k due to a peripheral neuritis, the use 
of large doses of salicylates may be of benefit. Medical diathermy 
with the electrodes on either side of the neck has been used. Faradic 
and galvanic currents have also been employed, but the precise value 
of these measures is problematical. 



Figs i6, 27, and 28 — Wax cast shotvinR implantalScin of gold radon s«ds into a «r- 
anoma of the tongue (COurtesjr <jf Dr A J. Larkin.) 


Papillomas of Larynx 
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Papillomas of Larynx 

This is frequently an affection of childhood, although by no means 
is it rare in adult life. It is characterized by hoarseness that may 
progress to complete aphonia; dyspnea may occur in the later stages. 
The examination of the larynx will disclose a soft papillary growth 
which by extension may progress until the entire larynx is filled, and 
even the subglottic space and trachea may be involved. The involve- 
ment of the trachea is prone to occur following tracheotomy per- 
formed for the relief of the dyspnea. The diagnosis, as a rule, is easy, 
although in adults biopsy may have to be resorted to in order to rule 
out malignancy. 

In the treatment one must bear in mind that papillomas of child- 
hood tend towards spontaneous cure by the time the youngster reaches 
puberty. Progressive hoarseness and dyspnea are indications for ex- 
posing the larynx with a laryngeal speculum and removing the neo- 
plasms. The base may then be clectrocoagulatcd \vith a fine current 
so adjusted as to produce a coagulation of only a fraction of a milli- 
meter. Following such a procedure one must watch carefully for the 
onset of a laryngeal edema. Diathermy does not always prevent 
recurrences. 

Radium has also been advocated for the treatment of papilloma 
of the larynx. It should never be applied in more than one-half a skin 
erythema dose, for fear of causing necrosis of the laryngeal cartilage. 
It may be utilized in doses of 400 mg. hr., using a 0.5 mm. platinum 
screen at a distance of 2.5 cm. for every two square inches of skin 
surface. Four to six such portals of entry about the larynx may be used 
and the irradiation may be repeated after an interval of two months. 

It has been stated that irradiation may reduce the growth and prevent 
recurrence. We have never been able to observe the disappearance of , 
the growth following irradiation. 

In most cases irradiation has little effect on the progress of the 
disease and eventually dyspnea may set in which will require a trache- 
otomy It is well to warn the parents in advance that such a procedure 
may become necessary. In those cases in which the entire larynx is 
filled with the papillary mass, one may resort to the performance of 
a laryngofissure. The entire growth should then be removed and the 
base treated by electrocoagulation. The tracheotomy tube must then 
be put into place for several days 

Papillomatous growths through a tracheotomic fistula may be re- 
moved and the base electrocoagulated in a similar manner. 

Tuberculosis of Larynx 

This condition is seen, as a rule, as a secondary manifestation of 
a pulmonary lesion. The symptoms consist, in the main, of hoarseness 
associated with pain, especially upon swallowing. The larynx may 
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use more or less painful faradic applications over the laryngeal region. 
Psychotherapy is very important in these t 3 rpes of cases and it should 
be borne in mind that many are resistant to treatment and that 
the services of a competent neuropsychiatrist may be necessary. 

In laryngeal paralysis that is due to a peripheral neuritis, the use 
of large doses of salicylates may be of benefit. Medical diathermy 
with the electrodes on either side of the neck has been used. Faradic 
and galvanic currents have also been employed, but the precise value 
of these measures is problematical. 
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Fjcs j 6 , j 7, and 28 — ^Wax cast showing implantation of gold radon seeds into a car- 
cinoma of the tongue. (Courtesy of Dr. A J. Larkin.) 
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control the doses. Rawness and irritability call for an immediate 
reduction of the time of exposure or even for a short discontinuance. 

The caiboTi arc and Tnaicuiy qviaTU lamprs may aho be alibzed 
in the treatment of laryngeal tuberculosis. It is preferable to expose 
the larynx directly with one of the various specula made for the pur- 
pose and then irradiate. The exposures should closely follow those 
advocated in the preceding paragraph. 



Fip 2g — Solar laryngoscope in use for the treatment of laryngeal tuberculosis 

X-fay therapy in tuberculous laryngitis has also been advocated, 
but the results in the authors’ limited experience have been so ques- 
tionable as to cause them to discontinue this method. 

The physical agent that has been a sheet anchor in the past and 
one from which a great deal of benefit may be derived is puncture 
With the galvanocautery. This should not be used in acute lesions of 
the larynx or in patients with a progressive fulminating pulmonary 
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show a varied picture. There may be present only a pale interaryten- 
oid swelling of a papillary nature. Other portions of the larynx 
may have a pale, edematous, infiltrated appearance upon which ulcera- 
tions and pale granulations may be found. The epiglottis may have a 
sausage-like shape and the vocal cords may be characteristically rat 
bitten. In the presence of pulmonary tuberculosis such symptoms are 
easy to diagnose. Syphilis and carcinoma may at times be difficult to 
exclude and may even coexist. The biopsy is necessary to complete 
the diagnosis. 

As with other conditions that are difficult to treat, a large number 
of remedies have been advocated. The pulmonary condition must re- 
ceive adequate attention by the chest expert. In fact, the use of lung 
collapse has effected a decided change in the prognosis of laryngeal 
tuberculosis. Bed rest, fresh air, wholesome food, and proper climatic 
conditions are important factors in the ultimate result. Local therapy 
is important. 

The larynx should be placed at rest by maintaining absolute silence, 
the patient depending upon the use of pencil and pad of paper. Later 
whispering may be permitted. Pain may be controlled by the use of 
orthoform or anesthesin lozenges before eating. Cocaine should never 
be used. Should the pain become severe or difficult to control, the supe- 
rior laryngeal nerves should be injected with alcohol or even resected. 

Local medication to the larynx may be of help. Chaulmoogra oil 
in a 20 per cent solution may be dropped into the larynx two or 
three times a week. If extensive ulcerations are present, it might be 
well to use lactic acid, starting with a strength of 2 per cent and 
gradually increasing it to 10 per cent. 

Physical measures occupy an important r 61 e in the treatment of 
■ laryngeal tuberculosis. Ultraviolet irradiation is of definite benefit, 
especially when associated with proper systemic care. One may use 
the quartz laryngeal applicators or the reflected sunlight. Heliotherapy 
may be utilized by employing the solar laryngoscope (Fig. 29 )> ^ 
device attached to the back of a chair that contains two mirrors 
placed upon a suitable support. One of the mirrors reflects the sun s 
rays into the mouth; from there it is again reflected into the larynx 
by means of a laryngeal mirror, held by the patient. The other mirror 
upon the support is used by the patient as a viewing mechanism that 
permits him properly to reflect the rays into the larynx. The newer 
modifications that use an alloy of aluminum and magnesium in the 
reflecting mirrors are to be preferred. This alloy absorbs a large 
amount of the heat rays and tends to reflect into the larynx a greater 
percentage of the actinic rays than the usual glass mirror. 

The larynx should be exposed, beginning wth one minute a day 
for a week. The irradiation is then gradually increased until ten- 
minute exposures are being ^ven at the end of several weeks. The 
laryngologist should examine the larynx at appropriate intervals and 
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cartilage. A tracheotomy tube may be left in place to care for post- 
operative edema. The cutting current may also be used in the per- 
formance of a hemilaryngectomy or total Iar>'ngectomy, but it has 
little if any advantage over the cold knife, in our hands, at least. 

Radium and the x^ray have been repeatedly advocat^. Our experi- 
ence with irradiation has not been a very happy one, since not a 
single case subjected to such therapy has remained cured. Refinements 
in radium technic may in the future increase the value of this t>pe 
of treatment. In consequence we have adopted the attitude of St. 
Clair Thompson, McKenty, and other laborers in this field, namely, 
that irradiation offers little hope for cure of carcinoma of the larynx 
as compared to early radical surgerj'. One may advocate the use of 
irradiation as a postoperative adjunct, but in the light of our present 
knowledge, our only hope for cure is in the radical extirpation of an 
early and intrinsic lesion. The loss of the speaking voice may be com- 
pensated for by the use of the bucco-osophageal voice or by the use 
of one of the artificial larynges. 

Peroral diathermic destruction of carcinoma of the cord, using one 
of the various means of direct exposure, has been advocated. Unfor- 
tunately in several cases subglottic extensions could not be followed 
and we, as well as others, have been forced to abandon this method. 

Larykgeal Stenosis 

This condition is most frequently found in children who have been 
ill \vith diphtheria. The use of the intubation tube, high tracheotomy, 
and postdiphtheritic fibrosis all may have a great deal to do with its 
production. The symptoms in the main consist of hoarseness that may 
progress to aphonia and an increasing dyspnea and stridor. In the 
treatment of this condition various plastic operative procedures have 
been advocated. Recently physical therapy in the form of an electri- 
cally heated bougie has been utilized (Fig 31). The bougies, which 
Come in various sizes, may be inserted into the larynx and left in 
place for 15 to 20 min. The amount of heat and the temperature of 
the bougie are regulated by the use of a current control. Successively 
larger bougies are used in succeeding sessions. No anesthetic is re- 
quired, but the child should be securely wrapped in a blanket. Since 
the recorded experience mth this method is small, its exact sphere of 
tisefulness is, as yet, to be realized. 

Carcinoma of the Esophagus 

Carcinoma of the esophagus occurs most frequently at the distal 
portion near the cardia and in the postcricoid re^on. The latter is more 
often seen in women than in men. Both squamous cell carcinomas and 
adenocarcinomas occur. The lesion presents itself most frequently as 
an endo-esophageal mass, but submucous and peri-esophageal growths 
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tuberculosis. It seems to serve best in those cases in which the pul- 
monary pathology is more or less indolent in character. 

The procedure is carried out under local anesthesia. The larynx 
may be cauterized by either the indirect or direct method, In the 
indirect method the patient is instructed to hold his tongue -with a 
piece o( gauze and the operator inserts a laryngeal mirror into the 
back of the pharynx, thus obtaining a good view of the larynx. The 
cautery point is then heated to a white glow and, under visual control, 
plunged into various areas of ulceration, edemas, or granulations. Not 
more than two or three punctures should be performed at one sitting. 
The arytenoid regions should be carefully avoided in order to prevent 
subsequent fixation of the cord. The cautery should not be repeated 
too often or wthin too short a period of time. 

In the direct method the laryn.x may be exposed by a Hasslinger 
or Jackson speculum or even a Lynch-Killian suspension. By means 
of an elongated cautery point the iarynx may be appropriately treated. 

We have recently used electrocoagulation (Fig. 30) in place of the 
gsh'anocautcry, but the number ol cases is too hw and the period o! 
observation too short definitely to establish its worth. 


I; : ,,, 

Fw 30 — Elongatfrd electrode for diathermy of the pharynx and larynx 


Carcinoma of Tarynx 

This not uncommon disease is characterized by progressive hoarse- 
ness, occurring most frequently in men in the so-called cancer age. 
It is well to note that the lower limit of the cancer age is well below 
30 years The lesion itself may have a varied appearance. It may 
be only a small pearly nodule located upon one of the cords, or it may 
have a polypoid or cauliflower appearance. Most laryngeal cardnomas 
arc squamous cell in type and therefore are highly malignant. The 
diagnosis, as a rule, is not dtglcuU, but frequently one must be able 
to distinguish syphilis or tuberculosis, which are often simulated. In 
many cases a biopsy is necessary in order to establish a diagnosis. 

The treatment of choice, in most hands, at least, is early and radical 
extirpation of the larynx. The situation of a laryngeal carcinoma 
within a cartilaginous box that is only sparsely supplied with lym- 
phatics offers a very good chance for cure. In the presence of small 
discrete lesions a laryngofissure or hemiJaryngectomy may be con- 
sidered In the performance of a larsrngofissure one may utilize the 
tissue-cutting current for exposing the interior of the larynx and then 
use the coagulating current for the destruction of the neoplasm (Fig. 
30). The area of coagulation must extend well into the healthy struc- 
tures, but due care must be taken in regard to the underlying thyroid 
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PHYSICAL THERAPY IN THORACIC SURGERY 
Carl A. Heddlom, M.D., and Willard Van Hazel, M.D. 

Introduction 

Thoracic surgery is largely a development of the past three decades. 
Asepsis and anesthesia were the prerequisites to the earlier rapid exten- 
sion of abdominal surgery. Amplification of diagnostic methods and 
practical means of preventing serious disturbance of respiration and 
circulation incident to operative pneumothorax were additional pre- 
requisites to a comparable development of thoracic surgery. These 
additional diagnostic requirements have been fulfilled in considerable 
measure by roentgenography — made even more valuable by the recent 
introduction of a nonirritating contrast media, by endoscopy, and by 
better correlation of findings so obtained nith the results of animal 
experimentation, with pathologic studies and with the clinical mani- 
festations of disease conditions We have arrived at a better under- 
standing of the mechanisms of respiration. The adaptation of positive 
pressure pharyngeal or intratracheal anesthesia to its requirements has 
largely obviated the disturbance of physiologic function during opera- 
tive pneumothorax. 

The diseased conditions of the thorax amenable to surgical treat- 
ment include infections, neoplasms and injuries of the pleurae, lungs, 
chest wall, heart, diaphragm and esophagus. Certain lesions are ameli- 
orated or cured by sectioning the sympathetic innervation through an 
mtrathoracic approach. Some types of thoracic deformities are partly 
corrected surgically. The transthoracic approach to subphrenic abscess 
IS generally accepted. 

The most common surgical disease conditions of the thorax are 
pyogenic and tuberculous empyema, pulmonary abscess, bronchiectasis 
2nd pulmonary tuberculosis. Extrathoracic and intrathoracic neo- 
plasms, both benign and malignant, may be amenable to surgical re- 
”^^2l, especially in their early sta^ 

Physical therapy is a valuable adjunct to the surgical treatment of 
these diseases of the thorax. Incident to the recent growing interest in 
physical therapy in geneial, an increasing measure of attention has 
directed to its application in this field. 

The most useful physiotherapeutic methods include heliotherapy and 
\ s substitutes exemplified in the violet light; heat variously supplied, 
including diathermy and the infra-red light; radiotherapy, including 
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are not unknown. The symptoms are mainly those due to obstruction, 
namely, progressive dysphagia and regurgitation. X-ray examination 
with a barium meal contrast material will disclose more or less char- 
acteristic filling defects. Esophagoscopy is of great aid in establishing 
the diagnosis, not only permitting visual inspection, but also enabling 
one to obtain material for biopsy. 

The treatment to date is more or less hopeless. If the lesion is lo- 
cated in the cervical esophagus, external esophagectomy may be per- 
formed, with a subsequent plastic repair, if no recurrence is observed. 
The operation is best performed by electrothermic methods, utilizing 



Fig. 31 Electrically heated bougie for treatment of stenosis of the larynx and esophagus 


the cutting current for the dissection and then the coagulating current 
for the actual destruction of the growth. In other portions of the 
esophagus, one may utilize irradiation. Radon seeds may be implanted 
via the esophagoscope; or a capsule of radium may be tied to an end- 
less string after a gastrostomy has been performed, and accurately 
placed in position by visualization with the fluoroscope. Deep x-ray 
therapy may also be used. One may relieve obstruction by the use of 
esophageal dilators, or by the use of electrocoagulation via the esopha- 
goscope, utilizing the elongated coagulating points or buttons. Ob- 
struction may also be treated by inserting a Soutar esophageal 
intubation tube. Failure of these various measures will lead one to 
resort to the use of a permanent Rhefuss tube or to gastrostomy. 
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from 8 to 12, and during forced expiration from i to 2. Vital capacity 
is the greatest amount of air that can be exhaled after the deepest 
possible inhalation. In the adult male it is up to 6000 cc. 

Under normal conditions an equilibrium of pressure is established 
between the two pleural cavities by the normally mobile mediastinum. 
However, if one pleural cavity is opened widely, the lung on that side 
collapses in amount equal to its elasticity, since the intrabronchial 
atmospheric pressure is now opposed from without. It can be partly 
reinflated only by air forced into it from the other lung during expira- 
tion, while the glottis is voluntarily closed as during straining. The 
opposite lung cannot collapse away from its parietal pleura, but it is 
partly deflated by atmospheric pressure on the mobile mediastinum. 
The degree of mobility of the mediastinum varies in different indi- 
viduals. It may be so mobile and therefore bulge so far into the op- 
posite side as to reduce intrapleural pressure there to about atmos- 
pheric pressure, even during forced inspiration Under such conditions 
no fresh air can enter this lung and asphyxia results. 

Various factors influence the degree of actual respiratory embarrass- 
ment in the individual patient wth a large opening in one chest wall. 
Chief among them are the size of the unobstructed opening, the degree 
of mediastinal mobility, and the reserve respiratory capacity. If the 
opening is smaller than the glottis, the resistance to air entering it is 
greater than to that entering the glottis. The amount of air entering 
the bronchi is then proportionate to the difference in resistance to 
air entering the two openings. If the opening in the chest wall is very 
large, resistance to air entering it Is so slight that practically all the 
air wll enter the pleural cavity during the inspiratory act. 

The mediastinum may be stiffened by a preceding inflammatory 
process, and there seems to be some degree of difference in its mobility 
in different individuals due to anatomic peculiarities. Under such con- 
ditions the degree of embarrassment of respiration is lessened in pro- 
portion to its stability. A chronic empyema usually stiffens it to such a 
degree that it does not bulge at all into the other pleural cavity The 
respiratory function of the other lung is then unimpaired by the open 
pneumothorax. 

Since the amount of air that enters the lung is proportionate to the 
degree of fluctuation in the volume of the pleural cavities and incident 
fluctuation in intrapleural pressure, it follows that the more vigorous 
the action of the respiratory muscles, the greater the respiratory or 
vital capacity. 

A normal healthy adult has a respiratory capacity about seven times 
that used during quiet breathing. He has therefore a large reserve 
through which he compensates for the handicap imposed by an opening 
|n the chest wall of relatively moderate size. If the opening is very 
^rge and the mediastinum very mobile, the greatest degree of com- 
pensatory capacity fails to prevent asphyxia. On the other hand, if 
i^he patient’s muscular power is greatly reduced from any cause such 
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use of the roentgen ray and radium; cautery, especially involving 
precise application of the electric current; massage; active and 
isive motion, and the more simple mechanical devices such as splint- 
and corrective appliances for deformities. Special methods ap- 
:able only to the thorax but involving mechanical principles are 
lumothorax collapse of the lung, blowing and breathing exercises, 
itive pressure anesthesia, positive pressure carbon dioxide inflation 
the lung, and the respirometer of Drinker. 

Physical therapy may be of great benefit, but, generally speaking, it 
I be an adjunct to, and not a substitute for, adequate surgical treat- 
nt. A patient with an arthritis due to an imperfectly drained 
onic empyema or abscess will not be relieved of his arthritis by 
iTsical therapy of the affected joints. It is useful in rehabilitation 
er the cause of the process has been removed. Proper indications, 
ative evaluation in relation to other treatment, and correct dosage 
of fundamental importance to the usefulness of any physiothera- 
itic method. 

Since an understanding of the mechanism of respiration is essential 
intelligent and rational surgical treatment of most of the diseases 
the thorax, it may not be amiss to review briefly the anatomic and 
/sical factors involved, particularly in the light of the fundamental 
itributions to this subject by Graham and Bell. 

The thoracic cage consists essentially of a bony framework with the 
ercostal muscles and diaphragm. It contains the lungs, separated by 
5 mediastinum, which is made up for the most part of the heart and 
jat vessels: The lungs in their relaxed slate are of smaller volume 
m the respective pleural cavities. Since the outside of the lung is 
Dtected against atmospheric pressure by the rigid chest wall, the 
opposed atmospheric pressure exerted from %vitbin the bronchi and 
reoU stretches the elastic tissue composing them and so dilates the 
ig to the size of the pleural cavity. The degree of stretch of these 
sues determines the degree of less than atmospheric pressure in the 
tlenlval space between visceral and parietal pleura. During insplTa- 
m, which consists of a contraction of the diaphragm, external inter* 
slal and serralus anlicus muscles, and during deep inspiration, by the 
cessory inspiratory muscles, the pleural cavities enlarge in volume 
id so determine the amount of air inspired. The additional stretch of 
e elastic tissue of the lung, so produced, augments the degree of less 
lan atmospheric pressure. Quiet expiration consists of simple relaxa- 
3n of the muscles of inspiration. Forced expiration, accomplished by 
)ntraction of the abdominal muscles forcing the relaxed diaphragm 
gher into the thorax, and by (he contraction of the internal inter- 
istal muscles and of the accessory muscles of expiration, decreases 
le volume of the pleural cavities and so of the lung in amount meas- 
red by the expired air. In the adult the less than atmospheric pressure 
tiring quiet inspiration is from 4.5 to 9 rnm. Hg, and during quiet 
cpiralion fro^'i 3 to 7.5 mm. Hg. During deep inspiration it measures 
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from 8 to 12, and during forced expiration from i to 2. Vital capacity 
is the greatest amount of air that can be exhaled after the deepest 
possible inhalation. In the adult male it is up to 6000 cc 
Under normal conditions an equilibrium of pressure is established 
between the two pleural cavities by the normally mobile mediastinum. 
However, if one pleural cavity is opened widely, the lung on that side 
collapses in amount equal to its elasticity, since the intrabronchiaJ 
atmospheric pressure is now opposed from without. It can be partly 
reinflated only by air forced into it from the other lung during expira- 
tion, while the glottis is voluntarily closed as during straining. The 
opposite lung cannot collapse away from its parietal pleura, but it is 
partly deflated by atmospheric pressure on the mobile mediastinum. 
The degree of mobility of the mediastinum varies in different indi- 
viduals. It may be so mobile and therefore bulge so far into the op- 
posite side as to reduce intrapleural pressure there to about atmos- 
pheric pressure, even during forced inspiration. Under such conditions 
no fresh air can enter this lung and asphyxia results 
Various factors influence the degree of actual respirator)^ embarrass- 
ment in the individual patient with a large opening in one chest wall. 
Chief among them are the size of the unobstructed opening, the degree 
of mediastinal mobility, and the reserve respiratory capacity. If the 
opening is smaller than the glottis, the resistance to air entering it is 
greater than to that entering the glottis. The amount of air entering 
the bronchi is then proportionate to the difference in resistance to 
air entering the two openings. If the opening in the chest wall Is very 
‘Srge, resistance to air entering it is so slight that practically all the 
air will enter the pleural cavity during the inspiratory act. 

The mediastinum may be stiffened by a preceding inflammatory 
process, and there seems to be some degree of difference in its mobility 
m different individuals due to anatomic peculiarities. Under such con- 
ditions the degree of embarrassment of respiration is lessened in pro- 
portion to its stability. A chronic empyema usually stiffens it to such a 
oegree that it does not bulge at all into the other pleural cavity. The 
respiratory function of the other lung is then unimpaired by the open 
pneumothorax. 

Since the amount of air that enters the lung is proportionate to the 
degree of fluctuation in the volume of the pleural cavities and incident 
nuciuation in intrapleural pressure, it follows that the more vigorous 
the action of the respiratory muscles, the greater the respiratory or 
Vital capacity. 

, ^ normal healthy adult has a respiratory capacity about seven times 
hat used during quiet breathing. He has therefore a large reserve 
' which he compensates for the handicap imposed by an opening 
jn the chest wall of relatively moderate size. If the opening is very 
3 rge and the mediastinum very mobile, the greatest degree of com- 
pensatory capacity fails to prevent asphyxia. On the other hand, if 
^ patient’s muscular power is greatly reduced from any cause such 
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as shock, enfeebling illness of any kind or old age, the respiratory 
capacity may te reduced to a small margin, and such a patient may 
not possess sufficient respiratory capacity to compensate for even a 
relatively small unobstructed opening in the chest wall, 

‘’'<= opacity in adults are disease 
os nnl.? % exchange within the lung itself, such 

fn/n!'"”?,"'®’ ‘*™a'a fibrosis, inflammatory and spastic narroiving of 
Vhpot w”? r imd conditions affecting the respiratory function of the 
Chest wall. Infants are born with lungs nearly as large as the pleura! 
cavities containing them. Their reserve vital capadty is therefore 
normally very low. 

Pressure chambers and the more recent hinds of gas-oxygen anes- 
tftesm apparatus represent the application of physical therapy methods 
*2 overcome the bad effects of surgical pneumothorax. Pres- 
sure chambers with negative and positive pressure were first made by 
bauerbruch. Intfatracheal insufflation followed this method—this be- 
ing a positive pressure introduction of air-through a catheter previ- 
ously inserted into the trachea. With the extensive use of gas-oxygen 
problem of surgical pneumothorax has been met. The 
pressure apparatus used in giving gas-oxygen anesthesia 
pressure when it is needed. Experience has shown 
inat the thorax may be opened widely in some cases without harmful 
enects on the respiration, nevertheless some patients do badly and, 
lor such, this positive pressure equipment should always be available. 

Ihe Eundy-Heidbrink and Model G McKesson gas machines, with 
which a high positive pressure may be obtained, are examples of the 
ype now used. Practically all gas machines are constructed wth 
^fety devices against overinflation. A device has been arranged by 
r. Amy Littig called a “bag pressure unit’* consisting of a diaphragm, 
^ge and dial, adaptable to any machine. This records accurately 
and conunuously the exact positive pressure in millimeters of mercury 
under which the p is being forced into the lungs. During the closure 
, • following operation the lung can be almost completely 

einttated. The pneumothorax apparatus may then be used to draw 
o» the remaining air, thereby establishing negative tension approxi- 
mating the normal. o « ee 

The artificial pneumothorax apparatus is a device for controlling 
in rap eural pressure. It consists of a manometer scaled in centimeters 
^ pressure readings, and some arrangement for forcing measured 
thorax through an ordinary aspirating 
eedie. T^is is usually done by allowing water from one jar to flow 
into another )ar displacing the air in it, or the fluid may be forced over 
oy means of a bulb such as that emplcqied in taking blood pressure. 

e air is filtered through sterile cotton. The whole procedure must 
e earned out under the most strict aseptic precautions. It is employed 
not only for introducing air or other gas into the pleural space for its 
tnerapeutic e‘’ i i but also, by reversing the system, for ivithdrawing 
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air to reduce tension. The manometer only is often used merely to 
determine the intrapleural pressure (Fig. i). 

The acute thoracic conditions, with the exception of the traumatic, 
furnish only occasional indications for employment of physical agents. 
Splinting of the ribs is usually indicated for fracture, and this is easily 
done by the time-honored method of strapping with adhesive plaster. 
After the deepest possible inspiration followed by complete expiration, 
the adhesive is applied in the direction of the ribs from the vertebra 
to the costicartilaginous junction, Marked relief from pain results 
due to the inhibition of respiratorj' motion, and healing is probably 
promoted for the same reason. 



Fic I — Robinson’s apparatus for artificial pnouraolhoraT The apparatus consbts 
essentially of two calibrated jars and a water manometer The jars are connected by 
tubine so that water from one jar wall flow to the other when the level of one is hipher 
than the other, thereby displacing the air in the jar The needle, which is inserted into 
the chest, is connected to the system b> means of rubber tubmg By the use of stop- 
cocks, the manometer or the jars can be excluded from the sjstem so that the manometer 
readings or the introduction of air can be earned out independently as desired Pressure 
readings on the manometer may be taken as often as necessary following the intro- 
duction of the air, recording accurately at all times the positive or negative tension 
By reversing the ordinary pneumolhorar procedure, it is obvious that air can be 
withdrawn from the pleural cavity as easily as it can be introduced 


Jieat in some form relieves pain in traumatic cases. It may be 
furnished by a large electric light bulb with a reflector, by one of the 
infra-red ray apparatus, by an electric pad, or by a hot water bottle. 

Traumatic pneumothorax is one of the conditions in which the intra- 
pleural pressure is affected. There must be an opening through the 
chest wall or into the lung for its development. An opening of short 
duration allowing only a small amount of air to enter the pleural space 
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calls for no interference. Occasionally a sucking or tension pneumo- 
thorax is produced. On inspiration, air is sucked into the pleural 
cavity, but because of a valvc-like action of the opening, air does 
not escape on expiration. The result is an increasing positive pressure. 
Continuous ventilation of the pleural cavity through a needle or valve 
trocar may then be imperative. A wound causing open pneumothorax 
must be sutured or otherwise closed. TTien by use of the pneumothorax 
apparatus a positive pressure can be reduced to atmospheric or less 
than atmospheric by the withdrawal of ait. This brings relief of 
dyspnea, and the likelihood of later pleura! or pulmonary complica- 
tions is reduced. 

In massive collapse or atelectasis due to retained bronchial secre- 
tions, suitable posture may bring relief. Tipping the patient over the 
side of the bed so that the bronchial secretions will tend to gravitate 
into the trachea may initiate improvement and ultimate recovery with- 
out complications. In a boy, aged 8, following appendectomy under 
gas-ether anesthesia, massive collapse occurred, proved by x-ray and 
physical findings Posture, as described, was sufficient to bring about 
recovery in two days Scrimger reports that partial pneumothorax of 
the affected side has proved helpful. Bronchoscopy’has been of value 
in some instances in removing the retained secretions. Bronchoscopy 
also is invaluable in removal of foreign bodies of both recent and 
longer duration However it should be done only by one skilled in this 
instrumentation 

Other acute conditions occur which are so closely interrelated with 
the chronic that they will be discussed together. 

Treatment of chronic conditions makes up a large proportion of the 
work of the thoracic surgeon Chronic infections often have an ex- 
iremely debilitating effect upon the patient. This is especially true of 
empyema, lung abscess, severe bronchiectasis and secondarily infected 
tuberculous empyema In such cases vitality is reduced, and the vis- 
ceral damage may be far beyond what the general appearance may 
indicate Some patients may present themselves with a loss of half the 
body weight, with painful arthritis, secondary anemia of an extreme 
grade amyioidoi-is of the liver which may extend to the umbilicus, 
impaired renal function and myocarditis In these conditions physical 
therapy, •'Upplementary to the more direct treatment, perhaps has not 
been giNcn the recognition it deserves With heat, massage and radio- 
thera[n’ a long con\,de<cence at times can be shortened. Its greatest 
i-. .i*. a -upplement to other treatment. Rational use of 
phs'.Ral agent*. >m]] extend their usefulness. 

Bronchiectasis 

Hronchu'c ta'i-- is a diIat.il»on of the bronchi with infection giving rise 
to tough anti spiftum In the majority of cases it affects the lower lobes. 
Thtre i*- a 'tagna!i>«« the purulent secretions raised periodically. 
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Postural drainage often facilitates the evacuation of purulent secre- 
t/ons. Quincke first advised elevating the foot ol the bed to promote 
(Irainage, and others have found this effective. Some patients find that 
bending over a chair or the side of the bed is more effective. It may 
be best to try various positions in order to find the one most suitable 
to the given patient (Fig. a). A'omiling is not uncommon during a 
paroxysm of coughing whether or not posture is employed. For this 
reason the position should be assumed about an hour before mealtime 
and at bedtime. 



Fig 2 — Showing posture assumed by patient with bilateral bronchiectasis She found 
this more effective than other positions Following this postural drainage four times a 
day, she gained fourteen pounds in weight, and the amount of sputum decreased from 
«oo cc a day to 150 cc 


Artificial pneumothorax collapse in the treatment of bronchiectasis 
has yielded fair results. Its success is conditional on the absence of ad- 
hesions of the pleurae and the continuance of refills for months. It 
bas been found most useful in the early stages of the disease. Pul- 
inonary collapse by artificial pneumothorax is described more com- 
pletely under Tuberculosis. 

Measures to better the general condition of the patient should not be 
overlooked. Warm weather and sunshine are of benefit. Direct sunlight, 
^hen available, or artificial light is best employed over the entire 
body. It should be carried out as recommended by RoUier (see 
Vol. ni). 
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Cautery pimmectomy has been employed with benefit. However, the 
cases of bronchiectasis where this is indicated border on the abscess 
type. Therefore in those cases, cautery is used as described under 
Lung Abscess. 

Lung Abscess 

Lung abscess is a form of pulmonary suppuration. The treatment 
varies according to the duration, site of the lesion and condition of the 
patient. The physical agents that have proved most useful are cautery, 
bronchoscopy, postural drainage, sunlight and exercises. 

The patient with acute lung abscess should be given postural drain’ 
age as the first method of treatment. It is beneficial in that it lessens 
toxic absorption and in some cases has led to a cure. If the condition 
of the patient warrants it, the head should be lowered so that gravity 
may cause evacuation of the pus at least three or four times a day. 
There is no definite position which has seemed to be applicable to 
all patients. Therefore if one position fails to promote drainage, other 
positions should be tried before the method is abandoned. 

Bronchoscopy is employed in selected cases with gratifying results. 
This form of treatment is most successful in the early cases of abscess 
located centrally. Its use has been adequately described by Jackson 
and his co-workers. 

The chronic abscess of the lung is the type most often seen by the 
surgeon. 

Postural treatment, as previously mentioned, may be used in the 
chronic case, particularly where there exist symptoms of toxic absorp- 
tion, merely as an aid in keeping the cavity as nearly empty as 
possible. 

Pneumothorax collapse is effective in cases in which the abscess lies 
close to a large bronchus, which means that it is centrally situated. 
The collapse is achieved by frequent refills of air. If adhesions are 
present preventing collapse, this method is contraindicated lest the 
lung be torn and the abscess drain into the pleural cavity, which will 
lead to a complicating empyema of the most serious type {Fig. 3)- 
Furthermore, if sufficient relief is not obtained by good compression, 
the air should be aspirated and the abscess drained. A pleural effusion 
with secondary infection is a frequent complication of therapeutic 
pneumothorax for abscess. 

Of all the physical agents, cautery offers most to the patient with 
lung abscess. Surgical drainage b necessary for a cure in the majority 
of cases. The procedure for drainage will be briefly described. The 
abscess having been localized by phy^cal findings and roentgenograms, 
an appropriate incision is made down to the ribs. A rib may then be 
resected and the periosteal bed exposed, or, preferably, the inter- 
costal muscles can be divided between the ribs down to the endo- 
thoracic fascia. This is done to determine the presence of adhesions. 
If none are present, a pack may be inserted and the wound closed 
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for one or two weeks. If drainage is more urgent, a larger window 
may be made and the lung sutured to the chest wall. With adhesions 
established, the aspirating needle and syringe are used to locate the 
abscess. The head of the operating table is lowered to prevent cerebral 
air embolism from an open vein. Cautery incision, by sealing off the 
veins which sometimes stand open in the fibrotic lung, prevents such 
an accident. It also controls bleeding Either the actual cautery may be 
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used or some form of the coagulation current. Such simple drainage 
is sufficient to bring about a healing of single cavities. Surrounding 
pneumonitis, multiple abscess cavities or associated bronchiectasis in 
chronic cases requires further measures. It is in this type that cautery 
has been extremely useful (Fig. 4). Graham, first writing on pneu- 
mectomy wth the cautery, recommended the use of an ordinary solder- 
ing iron at red heat over a relatively large area superficially rather 
than deep into the lung. Repeated cauterizations are safer and better 
tolerated. He claims that hemorrhage may be controlled by packing 
and that it is not common after the slough separates. However, every 
precaution should be taken toward its prevention and prompt control. 



Fic 4 — lllustratJon gf dmiuse Hounil of bronchiectatic abscess Several bronchial 
f><tuUs arc endent T'le entire surface shows e|utheIization due to an outprowth of the 
bronchul epithelium 
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The more recent introduction of the clectrosurgical units allows the 
use of the coagulation current. This is a somewhat slower procedure 
than the actual cautery but there is less likelihood of hemorrhage. 
The cutting current is hazardous in that it burns so quickly that the 
depth to which it penetrates may be misjudged, and this may lead 
to serious consequences. Recently a highly virulent abscess which was 
draining inadequately was cauterized by introducing the needle of the 
coagulation current into the surrounding lung in all directions. The 
patient’s general condition responded ^^ith surprising promptness, the 
uound quickly became cleaner, and the amount of drainage decreased 



5 — Same case as Figure 4, lollowing cautery by use of the electrocoagulation 
The bands ha\e been severed, converUng a mulCtiocular cavity into a single 
• ® The epithelium has been destroyed, allowing granulation tissue to form and 
“"‘cial contraction to take place 
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markedly. In establishing drainage the electrocoagulation current 
cautery is a distinct advancement. The incidence of complications is 
decreased by its use. 

One or more bronchial fistulas* may persist after the abscess has 
healed. Some close spontaneously, but others may persist because of 
the lipping of the bronchial epithelium: This condition can be dealt 
with most effectively by the repeated use of the coagulation current 
cautery (Fig. 5) or 20 per cent silver nitrate solution to destroy the 
epithelium. The resulting granulations gradually lead to fibrosis and 
cicatricial closure. 

During convalescence hcUotkerapy stimulates the appetite and pro- 
niotes general improvement. Locally it is effective in reducing the 
amount of drainage. Flick has employed direct sunlight on the drain- 
ing wounds and believes the secretions are diminished thereby. Graham 
and Singer regard heliotherapy as an important aid in the healing of an 
abscess cavity. They believe that the sunlight and ventilation reduce 
anaerobic organisms and putreiaction. They advise that the body be 
gradually exposed, including the wound, for a period of one to two 
hours daily. Coulter chooses to alternate the quartz lamp with the 
carbon arc. He starts the former at one minute on the first day, 
gradually increasing up to 15 minutes or longer. Elsewhere in this 
system (Vol. Ill) Rollier has carefully outlined his technic. 

Recently a child three years of age, followng drainage of two 
abscesses of the lung, was transfused three times and given artificial 
sunlight treatment. In six weeks her weight had increased from 19 to 
30 pounds — over one-third of the body weight. 

Pulmonary Tuberculosis 

Certain types of pulmonary tuberculosis are amenable to surgical 
treatment. Rest still remains the basic principle in the treatment. 
Surgery is a means of increasing the amount of rest of the lung. Some 
of the physical means employed, such as artificial pneumothorax, 
cauterization of adhesions, and splinting the chest wall are directed 
toward the same end. 

Artificial pneumothorax has been of tremendous value in the treat- 
ment of selected cases of tuberculosis. Forlanini is given credit for its 
first practical application in 1888. It should be administered only by 
those who have a thorough knowledge of pulmonary tuberculosis. 
Unless the indications for its use are present and unless it is correctly 
used, more harm than good is likely to follow. The indications for 
its employment and the technical details hardly come within the scope 
of this paper As stated, artificial pneumothorax consists of the intro- 
duction of air or gas into the pleural cavity, thereby allowing the lung 
to collapse. Nitrogen gas was formerly used but now filtered air has 
largely taken its place. The patient lies on the sound side and the skin 
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is prepared by painting it mth an antiseptic. The back, axilla or front 
of the chest may be the site of election according to the pathology 
present. The first instillation of air requires special care to prevent 
injury to the lung if adherent. A free pleural space is shoum by fluc- 
tuation of the manometer. The normal reading on inspiration is about 
—6 to —TO cm. of water, oscillating on expiration to —3 to —7 cm. 
The readings should be taken after a small amount of air has been 
allowed to enter the pleural space. If the pressure has changed mark- 
edly it must be assumed that the needle is in a small pocket which 
the air has quickly filled. In the average case 250 to 400 cc. can safely 
be given. In a case of hemorrhage more may be advisable. Refills 
should be carried out each day for about three days, then every two 
days, then twice a week, and finally once a week or every two weeks. 
Thus a complete collapse may be obtained, or if adhesions are present 
they may allow only a partial collapse. Occasionally filmy adhesions 
may be broken by slightly increased pressure, but this is often not 
effective and furthermore is not without danger of tearing the lung, 
which might result in serious complications. Therefore if attempted 
it should be done with the utmost caution. High positive pressures 
should be avoided. The amount of collapse should be carefully ascer- 
tained by use of the fluoroscope and roentgenograms. 

^ Therapeutic pneumothorax, like most good methods, has certain 
limitations. Adhesions may prevent its use. In 1913, Jacobaeus intro- 
duced intrapleural pneumolysis as a method whereby in certain cases 
with adhesions a complete collapse could be secured by severing the 
bands holding the lung out. By means of a trocar and cannula intro- 
duced under local anesthesia, a thoracoscope can be inserted into the 
pneumothorax cavity and the field observed as the walls of the urinar>' 
bladder are observed by the cystoscopist. In favorable cases a cautery 
electrode is introduced and under visual guidance, made possible by the 
thoracoscope, the adhesion is severed. The thoracoscope is usually 
introduced in the interscapular space or below the angle of the scapula, 
and the cautery in the midaxillary line or more anteriorly. However 
the position is usually determined by the pathology present. Galvano- 
cautcry at a dull red heat was used by Jacobaeus, but Matson after 
using the electrocoagulation current believes it will supplant the former 
because of its sealing and coagulating effects on the tissues, thus lessen- 
ing the dangers of hemorrhage. He further states that particularly 
when burning close to the parietal pleura, which is the safest, the heat 
of the high-frequency current is decidedly less painful. Serous effusion, 
empyema and hemorrhage have been the most frequent complications. 

Following the cauterization, the pneumothorax is left at atmospheric 
pressure; a negative pressure would favor bleeding; a positive pressure 
Ujight cause embolism if the lung had been injured and a vein opened, 
^ough should be controlled. Later, according to Matson, carbon diox- 
introduced in order to collapse the cavity, and this 
should be done slowly to allow evacuation of the cavity contents. 
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Carbon dioxide is used so that if embolism occurs from it, it will 
quickly be absorbed into the blood stream. Archibald prefers open 
thoracotomy for severing adhesions. 

Extrapleural thoracoplasty must be resorted to where collapse is 
indicated and pneumothorax and pneumolysis are not effective. By 
means ' . ' ‘ .• , « ■ segments of the first to 

elevent ;t cases a good collapse 

of the i : take place. Sometimes 

where . . ^ ^ )r resection is sufficient 

to give a good result. 



Fic. 6 — Cheat splint applied to patient following posterior thoracoplasty for pul- 
monary tuberculosis of seven years’ duration It pvcs support to the side until regenera- 
tion of the nbs takes place It also may give some additional collapse in some cases 
Fig 7 — Anterior view of patient in Figure 6 


Posture following the operation may increase the collapse of the 
chest wall. By lying on the operated side the weight of the body helps 
to compress the soft tissues mobilized by the operation. Occasionally, 
where the mediastinum is not fixed, there may be a certain amount of 
paradoxical respiration, in which case the same position is invaluable 
in that the weight of the heart splints the mediastinum. Strapping 
wth wide adhesive may also be worth while in that it stabilizes the 
chest wall. 

Following completion of the operation, a splint such as that used in 
sanatoria may be employed (Figs. 6, 7). It consists of a broad fabric or 
suede pad which fits under the arm and is fastened about the opposite 
thigh and shoulder girdle. It can be tightened and perhaps increases 
the chest wall collapse; it also has a very decided supporting-effect 
while the ribs regenerate. It must not limit respiration on the sound 
side. 

A spirometer is an apparatus to determine the vital capacity of the 
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patient (Fig. 8). This test is useful prior to thoracoplasty. The normal 
capacity in man is between 3000 and 6000 cc., being a measure of the 
greatest amount of air exhaled after the deepest inspiration. In tuber- 
culosis this may be much reduced. Normally we have from four to 



8 — Illustration of one type of spirometer for measurinc the vital capacity. After 
the deepest inspiration, the patient expires into the mouth-piece, which elevates the 
O'linder and records on the dial in cubic centimeters 

seven times as much capacity as is needed for quiet breathing, but if 
the reserve respiratory capacity is greatly decreased its further reduc- 
tion by thoracoplasty is contraindicated. 

Empyema 

Empyema is an accumulation of pus in the pleural cavity. It follows 
pneumonia, influenza and trauma or may complicate pulmonary tuber- 
culosis. Tuberculous empyema presents a different problem from the 
Pyogenic type and therefore will be discussed separately. 
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Acute empyema is usually a complication of a sudden severe illness 
which has left the patient in a weak condition. The added strain of 
a new infection, with its attendant fever and other manifestations of 
toxic absorption, may reduce him to a critical condition. The funda- 
mental principle of treatment is -evacuation of the pus. In small 
children and occasionally adults, repeated aspiration has resulted in 
recovery. However, two methods, the closed and open, are the ac- 
cepted methods of treatment. In the closed method the pus is evacu- 
ated by the introduction of a catheter into the pleural cavity by means 
of a trocar and cannula inserted through an intercostal space and 
suitably fixed in place; in the open method, by the resection of a seg- 
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Fic 0 — IlIu'triLion of a McElroy syrinx, the barrel beioK used as a funnel in a case 
of acute eiT)p)ema treated b> the closed method The irrigating solution is allowed to 
flow into the emp>cma easily by grasily, thereby avoiding overdistention. 
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raenl of one or more ribs and providing wde-open drainage. In the 
case of the critically ill patient and in the acute stage of the strepto- 
coccic type of empyema which is seen following epidemic influenza, 
there remains no choice as to type of operation. The closed method 
here is mandatory in that it is a much less formidable operation than 
resection of a rib, and furthermore it provides against the reduction 
oi the vital capacity in those patients wheTe the mediastinum is not 
fixed. During the epidemic of 1918, postinfluenzal empyemas showed 
a very high mortality, partly due to the virulence of the organism, 
but likewise to the open pneumothorax created by resection of one 
or more ribs, resulting in a collapse of the lung and often a shifting 



of piston has been Introduced into the barrel By a back-and-forth motion 

the piston the pus is mhed with the irrisatins solution and then remo%ed This pro- 
Qure IS continued until the washings arc clear The tube is clamped between imgations 
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of the mobile mediastinum, and leading to marked impairment of the 
respiratory capacity. The more general adoption of the closed method 
of treatment in ordinary cases has been followed by improved results. 

Adequate drainage must be maintained all of the time. For this pur- 
pose numerous methods have been devised. The more simple the pro- 
cedure, the more universally applicable it is to all cases, providing it 
fulfils two cardinal principles — namely, adequate drainage and restora- 
tion of function to the partially collapsed lung. 

A McElroy syringe, such as illustrated in Figure 9, serves very 
well for aspirating the pus and for irrigating the cavity. The barrel 
may be used as a funnel, and the irrigating solution, preferably 
Dakin’s, where no bronchial fistula exists is allowed to flow into the 
cavity by gravity, thereby avoiding too great amount of pressure. 
The solution is thoroughly mixed with the pus by a back-and-forth 
motion of the syringe, and each time more solution is removed than 
introduced (Fig. 10). This causes a gradual reexpansion of the lung. 
The Dakin’s solution also is an excellent solvent for removing the 
fibrinous exudate from the walls of the pleurae, thereby reducing to a 
minimum the thickening of the same and fibrosis of the underlying 
lung. In ordinary cases this procedure is carried out every two hours 
during the day. Where the toxicity is great, it is advisable to increase 
the frequency of irrigations during the day and also to irrigate several 
times during the night. 

Some prefer to use continuous suction. By means of several bottles 
at different levels a solution can be allowed to flow into the pleural 
cavity, and by siphonage it is continuously withdrawn. Buelau, Perthes 
and Morrelli have described different types of apparatus for this pur- 
pose. Some prefer open drainage. It involves resection of segments 
of one or two ribs and the inserUon of tubes. It calls for no physical 
agents to facilitate drainage. 

Adequate drainage having been established, the next step is to 
restore function of a partially collapsed lung Whatever method is 
used to bring about drainage, reexpansion of the lung can be hastened 
by the same means. 

Blow bottles, or Wolff bottles, are of distinct advantage (Fig. n)* 
By blowing water from one bottle to the other the lungs are inflated to 
their capacity; which promotes obliteration of the cavity. Children may 
find balloons or horns more to their liking, or the water may be colored 
in the bottles, creating a greater interest. Other physical agents are 
usually unnecessary in acute cases. 

Chronic empyema, however, presents a different problem. Chronicity 
is due in the majority of cases to inadequate drainage, but other causes 
are bronchial fistula, foreign bodies, tuberculosis and osteomyelitis of 
the rib. Here again drainage must be established by one of the methods 
described under the acute condition. Likewise, the blowing exercises 
should be employed in order to restore as much function as possible. 
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Empyema with Bronchial Fistula. — Bronchial fistula not infre- 
quently is the cause of chronicity. Some bronchial fistulas close when 
adequate drainage is established; others do not, and such fistulas arc 
the underlying cause of failure to obliterate the cavity. Cauterization 
with the coagulation current is both effective and safe in promoting its 
closure. It destroys the bronchial epithelium lipping the opening and 
leads to granulation and scar tissue contraction. This type of current 
is safer than silver nitrate stick in that secondary hemorrhage is less 



. iij— Wolfl bottles. The water « Mown from one f1a»lc Into the other, thu% 

increasing intrabronchial prt*=ure which len'h to airl in cxfnn'ion of the Junz. It U }/y 
reeTpansiorj of the luna that the empyema canty is oMiteratcfl 


likely following its use. Repeated cauterizations may be neces«ary to 
bring about closure, which should not be attempted if there h any 
e'idence that the bronchus is draining a pulmonary suppurative 
process. 

Atrophy of the muscles and arthritis arc often observed in chronic 
empyei^, Ma.ssage can U: u-ed to bring about bf;tter muscle tone until 
the patient’s cond/t/on warrants aetivtr «rerci»c. iV/tb the U>cuk of in- 
fection gradually diminishing through drainage, the joints should aI*/> 
r^jve maaaf^e as suggested i.iy Mock for rhf’UmnU/ifl condibV/ns fsee 
Vol. 11), ' ' 

Proper ezerci’es are indicat/d where tht^e *■> limitath/n of motion 
or function. 

1 ' may U; {tfhantayt’fAi-> for the patient barred from »un- 

•fght and fre^.h air \rj a f/rolonged critUM illne-.s. 
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Tuberculous Empyema- — ^Tuberculous empyema •mthout secondary 
pyogenic infection is not amenable to the principles which guide the 
treatment of the pyogenic type. A tuberculous empyema may exist as 
a primary lesion; that is, a tuberculous pleuritis may be present with 
no demonstrable pathology in the underlying lung. The culture and 
smear show no organisms with the exertion that sometimes the tuber- 
cle bacillus may be demonstrated. In some patients, when no pressure 
symptoms arise, the pus may be left undisturbed for a time; in others, 
oleothorax is used with varying success. Aspiration of the pus with 
replacement with air by use of the pneumothorax apparatus may be 
highly beneficial. This is especially true where toxic absorption is 
evident. The pressure is usually left at about that of the atmosphere. 
Reexpansion of the lung is desirable here, and this is gradually brought 
about through absorption of the air. Forced expansion through the use 
of blowing bottles or similar devices is not desirable. 

Tuberculous empyema, however, not Infrequently complicates a 
clinically evident pu!monar>’ tuberculosis. The underlying lung may 
present physical findings suggestive of the disease, or the roentgeno- 
gram may show cavities or evidence of tuberculosis where the empyema 
IS not massive enough to obscure the entire lung field. If both are 
masked the history may determine the presence of lung involvement. 
If the pus shows no pyogenic organisms, the purulent effusion may be 
undisturbed for a lime at least. It compresses the underlying disewed 
lung which may lead to considerable improvement. However, aspira- 
tion with replacement by air may be still more beneficial. It is abso- 
lutely essential in this type, however, to continue the partial or com- 
plete collapsei!Of the lung, as the case may be, in order to insure 
permanent healifi^“of the lung. Reexpansion of the lung before the 
lesion is healed is contraindicated. A thoracoplasty may be the only 
means of curing persistent; tuberculous empyema wth pulmonary 
involvement. ' 

Tuberculous empyema assumes a different status when pyogenic 
organisms complicate it. If the infection is extremely mild, aspirations 
occasionally control the toxic- absorption. Where a major surgical pro- 
cedure is not contraindicated a thoracoplasty is advisable. Usually the 
infection demands drainage by the closed or open method, followed 
later by extrapleural thoracoplasty. Here again the condition of the 
underlying lung is the criterion on which the treatment is based. With 
extensive pulmonary involvement, no procedure to promote reexpan- 
sion of the lung should be employed- 

CARCiNoxrA or tkje Lung 

Radium is palliative in carcinoma of the lung. Where the tumor is 
situated in the periphery of the lung it can be reached by thoracotomy* 
Radon implants Can be distributed through the mass. Three patients 
with pain as the most pronounced symptom were markedly relieved 
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for months by such treatment. One, a farmer, took a new interest in 
his work for eight months after its use, -though he had not been able 
to work for a year previous to this time. Another, a woman, who 
had large amounts of pleural fluid necessitating repeated aspirations, 
required but one aspiration during the succeeding six months that she 
survived. She was much more comfortable possibly because of the 
absence of fluid. Still another, with severe pain in the arm due to pres- 
sure on the brachial plexus, was afforded relief until his death eight 
months later. Some of this relief may have been due to the resection 
of a segment of rib. However, with the slow growth of the tumor, 
the recurrent pain was not as severe as prior to the implantation of 
the radon seeds. In our experience no untoward effects or complica- 
tions have followed its use. 

Drinker Respirator and the Pulmotor 

The Drinker respirator and the pulmotor should be mentioned as 
physical agents invaluable in cases of interrupted respiration. In the 
respiratory muscles, ascending paralysis of poliomyelitis, in drowning 
and carbon mon'"'*'’-? poisoning they have been of utmost value. Un- 
doubtedly wider lication will be found for the Drinker apparatus. 
The descriptions more complete details of the uses of these devices 

appear in Volun of this work. 
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patient from the sharp ends. The palmar arch support is made from 
No. 20 spring steel wire, covered with rubber tubing, and is attached 
to the splint by adhesive plaster. The ends are one inch long and are 
bent in opposite directions from each other to increase the stability of 
the palmar attachment. The wire first extends downward away from 
the splint for an inch on each side, and then by a slow curve extends 
upward to support the palmar arch. A piece of adhesive plaster is now 
placed on the splint just above the wrist, and folded on itself so that 
all of the sticking surface is covered. Finally, the canvas band is 
slipped over the ends coming in contact w’ith the flexor surface of the 
forearm. This splint can be made in fifteen minutes. It is applied 
without bandages, and can be readily removed or put on by the patient 
without assistance.” (See Fig. ii.) 

Musculocutaneous Nerve Lesions. — Stookey has described a 
simple and efficient apparatus which may be used to aid in the treat- 
ment of lesions of this nerve. The important muscle which is paralyzed 
is the biceps Fortunately, there is little or no likelihood of over- 
stretching the biceps or of markedly shortening the triceps because 
of the mechanics of the elbow Joint and the fact that other unaffected 
muscles act upon both the shoulder and elbow joints. However, at 
night a mechanical support which keeps the forearm flexed with the 
hand in full supination should be worn Stookey’s apparatus consists 
of a broad leather cuff attached to the wrist and dorsum of the hand. 
The ivristband has a metal plate which is shaped to fit the dorsum of 
the hand and wrist. Supination Is maintained by a strap fastened to 
the wristband over the volar surface of the radius, which passes out- 
ward and under the wrist This strap is then fastened to a collar piece 
by a pin or snap. 

Brachial Plexus Lesions. — Of all the peripheral nerve lesions, 
none require more constant and efficient mechanical treatment than 
those of the brachial plexus. 

As has been pointed out previously, in general, lesions above the 
clavicle are injuries of the roots and primary cords, whereas those 
below the clavicle or in the axilla include the secondary cords and 
nerve trunks. These latter are frequently accompanied by injuries of 
the axillary blood vessels. There are two general types of injuries: the 
Erb-Duchenne or upper root group, which involves the fifth and sixth 
cervical roots, and the lower root group, or the KIumpke-Dejerine 
tjTDe, which involves the seventh and eighth cervical and first thoracic 
roots. In the former, the resulting paralyses is extensive and involves 
the muscles of the shoulder girdle and back as well as muscles of the 
arm and forearm. In the KIumpke-Dejerine type the paralysis is 
essentially of the ulnar side of the forearm and all of the muscles of 
the hand (Fig 12 t 
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the proximal and middle phalanRcs of the little finger, where it is bent 
at a right angle in the same plane. Three-fourths of an inch from here 
it again receives a right angle bend, but this occurs in a plane at right 
angles to the previous one. This bend causes the wire to run across 
the palmar surface of the fingers, and thereby extends the proximal 
phalanges on the metacarpal bones. A right angle bend in the same 
plane at the outer side of the first finger, and another bend three- 
fourths of an inch farther on In a plane at right angles to it, complete 



Fic. Ii-Splim for radial nerve paky. {BuerU.) 


^isTntZwarVat Pha'anx afrlmb, where 

LtaXl “‘and the thumb on the firs 

Jc A *5?ches the outer side of the thumb, tne 

to the wrist, following the thumb 
position. The wire is now bent so 

side of the forearm, The’twoTubC' S h"' K'the 

fingers and the thumb from the snlintMf "'’il''* 5™tect both the 
thfn the ends of the wire are Sm"s':w:'s','’[’hf"protS the 
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nerve high in its course. The branches to the semitendinosus and long 
head of the biceps are pven off at the level of the ischial tuberosities 
and consequently these muscles are spared. The semitendinosus alone 
is able to perform the functions of the hamstring muscles to a high 
degree. It is also able to supplement the action of the gastrocnemius 



Fio 13 — Sciatic ncne lesion. 


in flexing the leg upon the thigh. However, all the muscles below the 
knee arc paralyzed and the leg is flaccid, while the foot is dropped 
and in a valgus position. It is necessary to stabilize the leg and foot 
to correct the equinovalgus deformity and to overcome faulty devia’ 
tion of the body weight (Fig. 13). ^ 

The most effective and comfortable splint is one based upon the 
Thomas caliper type. It is light, comfortable and efficient. It should 
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In those lesions in which the muscles of the back (serratus magnus, 
rhomboids, levator scapulae) are involved, the deformity is extensive. 
The compensatory movements of the scapula arc diminished or 
absent. The action of the serratus magnus in fixing the scapula ^ 
that the deltoid may act is gone and this must be kept in mind in 
devising mechanical support. The arm lies adducted with Inward 
rotation. The humerus may soon subluxale and in old neglected cases 
may be dislocated completely. The coracoid process becomes prora- 
nent and the forearm is held in semipronalion. llccause the entire 
extremity is rotated inward the palm of the hand may face backward. 
Left alone without mechanical support these lesions are follon'ed by 
permanent and irreparable deformity. 

A splint must be designed to relax the deltoid and the supraspinatus 
muscles and at the same time hold the arm in external rotation. The 





FiC 13— Lower brachial plexus lesion. 

arm must be held in abduction, preferably at an angle of about 6 q°, 
rather than in abduction at 90'^. The arm should be rotated externally 
and the forearm flexed upon the arm and held in moderate supination. 

Splint fot thcsc casB. It U made 
nlrn rLT.™ adjustable atm and a forearm 

of nexton ^ ^ ^ hinged and may be adjusted to various angles 

The deformity present in the Klumpke-Ddjerine or lower root, type 
of paralysis is similar to that sppr, in 

i^^clnoc; A ciifTbt fccn m combined median and ulnar nerve 

lesions. A slight straight splint on the volar surface of the forearm, 
with for each of the fingers, p^ea quite satisfactory. The 

pSblf ''“'“"‘“ry extension of the fingers is 

Sctatic Nerve Lesions,— T» aralysis of all the muscles supplied 
by the sciatic nerve is uncommon -/i. muscles s pf 

y uiuinon even with a complete section of tne 
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side of the foot. This will correct the varus deformity. The ankle joint 
may be supported if necessary by a leather reinforcement sewed to 
the shoe. The flat foot may be corrected by an inside plate which 
should be made to fit individually by molding plaster casts of the foot 
deformity. The principal aim must be to correct all the deformities 
and to prevent those which may result from the improper distribution 
of weight bearing. The patient should be cautioned never to walk 
without proper support of his foot. A rubber band or metal spring may 
be attached to the shoe and the upright to aid in replacing the lost 
action of the extensors. 



Fic 15 — PcTonfal nen'c palsy. 


An adequate splint for the foot drop of peroneal nerve lesions was 
used in the United States Army. It had the advantage of simplicity, 
lightness, and relative ser\dce. As described by Buerki, it is made of 
* "■ ' two and one-third ounces. It is service- 

he foot well extended at all times, but it 
. the foot the normal flexibility which is 
jacking in all of these cases. Pieces of bronzed spring steel wire, 25 
inches long, have loops three-fourths of an inch long bent on each end 
m opposite directions (Fig. 16, Diag. 1). The lower loop is for aid in 
attaching a iiire around the shoes, while that at the top protects the 
clothing from the sharp wire. To give the splint flexibility the wire 
has a one-and-three-quarters turn coil three-fourths inch in diameter 
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be so arranged with a spring »* S M is'^sde 

^p?^irktiK iz rh^;"“the tfi'n'iS' 

the shoe rciinforccd there so that the upon the 

rected and the patient, at the same time, . A TOtened 

outer side of the loot when he walks This rytll ^ 
arches which naturallj' accompany these lesions, 
splint is shown in Figure 14. 

Peroneal Nerve LrsioNs.—Thc deformity in these 
foot drop and a varus deformity due to complete par y 



anterior and lateral muscles of the leg. The os calcis is raised ^ 
erably because of the unapposed action of the gastrocnemius, 
foot occurs because of the Jack of support to the arches ^ 

of the peroneal group and extensors attached to the inner side _ 
fool. A very serious disability in walking exists because of the oy 
action necessary to keep the toe from scraping the ground 

It is necessary to splint these patients for more than a toe ofoP- 
A light iron strip on the inner side of the leg attached to the shoe y. 
a stop lock will prevent a foot drop It should be so attached that u 
raises the foot in dorsiflexion. The iron strip is attached above to a 
leather band about the leg. The leg should be elevated on the ou 
side from the heel to the toe to deviate the body weight to the ion« 
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should have a stop lock which will prevent dorsiflexion to more than 
a right angle. The inner border of the sole and heel should be so raised 
as to deviate the body weight to the outer side and to correct the val- 
gus position. As in the case of the peroneal deformities, an inside plate 
fitted individually should be worn to support the weakened arches. 

The splints for these last two types of deformities cannot be worn 
at night, but their main action should be replaced by canvas appliances 



Fic 17 — Prmoral ncr\e tesion. 


which Will effectively prevent overstretching of the paralyzed muscles 
\\ about the use of these nocturnal supports all that has been accom- 
plished during the day may be easily undone. 

Femorai. Nerve Lesions.— As has been stated, lesions of this nerve 
are accompanied commoniy by injuries to the peivic vesseis and 
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bent Into it six Inches from the lower end (Fig. i6, Dlag, 2 ). This coil 
when in place is directly opposite the junction of the sole and heel of 
the shoe. Two wires, bent as described above, arc held in place, one on 
each side of the shoe, by four pieces of fine piano uire, one piece 
under the instep, another around the heel at the junction of the upper 
and the heel, the third under the sole connecting the lower extremi- 
ties of the >virc, and the fourth around the toe between the sole and 
the upper. The last piece binds the splint permanently to the shoe. 
It is best to apply the wires in the above order (Ding. 3 ). The splint 
is completed by a piece of doubic-ply canvas six inches wide and four 



Fic. 16— SpUnt lor peroneal nerve paby. (BucrU.) 


inches long, and held togelher by Bve rivets placed as shorn (Diag. 4)- 
Rivets I and II keep the splint from slipping through the canvas. 
The canvas is slipped over (he ^nd of the splint, around the caH, 
and the whole is held in place with a special legging. The splint lasts 
from two to three months. ^ ^ 


Tibial Nerve Lesions. — ^The deformities present in these cases are 
practically the opposite of those described as the result of injuries oj 
the peroneal nerve te.ons. The unopposed action of the peroneal 
muscles pulls the loot into dorsilieMon and the os calcis is directed 
downward ms lead of backward. The foot tends ttaSrae the valgus 
position and the ongitudinal arch flattens because of ™he paralysis 

on the outer side'^of ihe ’tl.?‘sr S 
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may become so stretched that an eversion of the lower eyelid may 
occur (Fig. i8). 

The simplest type of support consists of two adhesive straps. The 
point of pull should be attached to the temporal area and the support- 



Fic 19 — Splint for facial paby (N S Yawger) 


ing s'traps should be attached to the skin about the upper and lower 
lips. The ends o! the two straps may be attached by a rubber band so 
that an elastic pull upward is maintained. This support must be worn 
constantly. It is simple and is easily detached during massage electro 
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viscera. Consequently, one is not called upon frequently to provide 
mechanical support following such a lesion. However, the quadriceps 
femoris, sartorius and pcctincus muscles arc paralyzed and there is 
an inability to extend the log upon the thigh. A patient with a fernoral 
nerve lesion is unable to stand upon his leg unless the knee is in ex- 
treme extension. The knee joint soon becomes so unstable that it may 
suddenly flex and allow the patient to fall. When walking, the patient 
usually bends forward and places his hand on the thigh to 
knee joint securely extended. The tensor fasciae latae may act to bold 
the joint in fixed extension and then the patient assumes a swinging 
gait. In old neglected cases a genu rccurvatum may develop (Fig- H'- 
Mechanical treatment must provide stability to the knee joint and 
yet prevent hyperextcnslon. A Thomas caliper splint with a spring 



Fic. i8 — Facial palsy. 


lock "-hich allows of flexion of the knee only while sitting is the most 
efficient type of splint A broad band in the popliteal space will P«- 
vent hyperextension and the occurrence of genu recurvatum. 

FACIAI. Nexve LESl0Ns._The facial muscles must be protect^ 
from overstretching and sagging after interruption of their nerve 
supply, just as other muscles. The mechanical support of th'Se 
muscles contributes tremendously to the recovery of their action af er 
a nerve supply has been reestablished. In neglected cases the inascles 
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serve the functional capacity of paralyzed muscles until sufficient 
nerve regeneration has taken place to permit of active motion. 

The efficacy of this type of treatment has been called into question 
on a number of occasions. Although since the days of Duchenne 
neurologists have universally agreed that electrolhexapy is of service 
in hastening the return of function of muscles paralyzed as the result 
of lesions of the lower motor neuron, some physiologists have decried 
its usefulness (Langley). On the other hand, many physiologists have 
determined upon the basis of experimental studies that there is a sound 
foundation for the belief that electrotherapy is serviceable in the treat- 
ment of peripheral nerve lesions. Not only have most of the workers 
found decreased atrophy in treated cases, but recently Piontkovskiy 
has shown that a more advanced type of regeneration of the nerve 
occurs when the denervated extremity is treated by electrotherapy. 


JiIoDE OF Action. — It is necessary to understand clearly the mode 
of action of treatment by electricity. It is not concerned with any 
mysterious force acting directly upon the factors influencing recovery 
oi a nerve or muscle. Stimulation by an electric current o! sufficient 
strength produces a contraction of the muscle. It is this active con- 
traction of the muscle which conserves its bulk and nutrition and 
keeps the muscle fibers functionally adequate for voluntary movement 
when regeneration has progressed sufficiently. In cases such as facial 
nerve paralysis, contractures are diminished and associated movements 
so often of disfiguring and annoying consequence likewise are pre- 
vented. The only requirement of electrotherapy is that it shall produce 
a contraction of the paralyzed muscle. Obviously, this cannot be 
brought about by stimulation with the faradic current, as the duration 
of each shock is too short in relation to the changed chronaxia of the 
nerve and muscle. Galvanic current must, therefore, be used It may be 
used in its simple form of a continuous current, or in the form of 
sinusoidal currents of various types of waves. 

It has been proposed that the continuous current which at the make 
or break produces a sharp, shock-like contraction is of little value as 


it does not resemble a normal contraction of the muscle, which it is 
said is imitated by the contraction ensuing as the result of stimulation 
by the sinusoidal current. Of course, the criticism that it acts only 
locally may be met by the statement that larger electrodes should be 
used. That muscles contract slowly in their normal state has never 
been shown to be the case by physiologists. The tuitch contraction due 
to electrical stimulation is thought to be analogous to the phasic con- 
traction of all skeletal muscles. It may, 1 believe, he accepted as a 
fact that the contraction of a muscle resulting from stimulation by 
galvanic continuous current is as useful as that produced by any other 
type of galvanic current. The rapidity of the contractions can produce 
no harm after the second week following injury or surgical procedures 
and during the first two weeks the muscles should be kept practically 
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^Volumt Xt 

therapy and active exercises which arc practiced by the patient 
(Fig. Ip)- 

Corrective Splintiog.-When, because of * ?' 
joints, or because of spasms JIJ juf-jent one. The 

have taken place, the problem oi splinting is a '“V tendons and lo 
indications arc to lengthen the shortened V the view 

mobilise the joints. The splints are devised, in 

of exerting clastic tension upon the jjy, So-called 

alternating directions /or certain periods during i y 



Fic. jo-Apparatus of DuW (CWray and Dainjan-Bouvcret.) 





Fic ai^Apparatcs of Cunio (Chicly and Dagnao-Bouvcrcl-) 

. ... c , .... . . "edinon^*''; 

ercorfie 

• joints to « 1 ““ 
ethod of long 

enihg the lumbricales is shown in Dube’s apparatus (Fig. 20)1 
the flexors of the thumb and fingers, in Cunio’s splint (Fig. si)- 

Electrotherapy.— The indications for electrotherapy are to P'® 
vent atrophy oi muscles and fibrosis, to increase nutrition and to 


Passive Movement vJinmVii] 27 

a movement with the extremity in a position of foot drop, but if the 
patient rests the leg on a board at the outer surface, dorsal flexion may 
occur. The patient’s extremities must be fully supported and the seg- 
ments about joints so supported that movement is not impeded by 
gravity. 

Value of Coktractions. — Contractions of muscles produced by 
electric stimulation are a valuable adjunct to reeducation and active 
motion. Although the patient may not be able to produce extension 
at the wrist voluntarily, the hand may be held in this position after 
electrically produced extension has occurred. A voluntary contraction 
of a muscle may be possible after it has been produced by electrical 
stimulation, and the patient should be required to attempt such a 
movement during the period of treatment. Of course, one should 
always keep in mind the law of regeneration. When it is remembered 
that the extent of regeneration of the nerve after section and suture 
is one millimeter a day, it is futile to have the patient attempt active 
movement before the fourth month in such cases. In severe compres- 
sions in which recovery is taking place wUhoul operation but which are 
associated with complete degeneration of the distal segment, the same 
conditions hold true. Care must be exercised in treating areas of skin in 
which sensation has been destroyed, as burns are readily formed, and 
ulceration, once occurring, is difficult to heal. 

When the nerve and muscle have recovered sufficiently to contract 
to faradic stimulation, both forms are advisable, the latter to produce 
more prolonged or tetanic contractions. An apparatus which permits 
of stimulation by gradual increase and diminution of current, such as 
is possible with one Bristow coil, is valuable as it is less painful. Here 
again it is necessary to state that during the period of severe degen- 
eration the faradic current will not produce a contraction of the 
muscle, and no contraction means no treatment. 

Sinusoidal current and other forms of wave currents have only the 
advantage of relative painlessness. There is a seeming advantage in 
the fact that at times a larger electrode is used and rhythmic con- 
tractions are produced in large muscle groups. This is a disadvantage 
and care should be exercised to stimulate only the paretic muscles. 

Passive Movement. — As Langley has pointed out, intermittent 
passive or active stretching forces lymph, and so presumably metabolic 
products, from the muscles. This, of course, should be an advantage. 
Moreover, such active or passive movements have a distinct influence 
on the formation of connective tissue. It is said that there is a visible 
increase of connective tissue in microscopic preparations of a muscle 
three weeks after section of its nerve. Part of the last contractures 
may be due to the shrinkage of this newly formed tissue which is soft 
and extensible. Active or passive movements of the denervated muscles 
will stretch the developing fibers so that when they do shrink there 
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at rest, as they arc fragile and arc easily bruised. After this period 
sudden contractions are just as useful as slow ones. The force of the 
contraction can, of course, be modified by the strength of the current. 
Galvanic continuous stimulation is often painful; therefore, other 
types of waves are useful as they arc relatively painless and can be 
used to advantage in children and sensitive patients. It is necessary 
to remember that the contraction of a muscle occurs only upon making 
and breaking the current. Therefore, it is needless to treat the muscle 
by prolonged stirnulation and the current should be applied mth very 
short makes and immediate breaks of the current by using a suitable 
electrode. 

may be obtained by using bipolar or unipolar 
methods. In the former both poles are applied to the muscle which it 
is desired to stimulate. In the latter an indifferent electrode of a large 
size is pla^d elsewhere upon the body, as described under electro- 
diagnosis. During the first few months following injury, while tbe 
l^yperirritable, and an increase of direct myotatic irri- 
tability may be demonstrated by percussion, unipolar stimulation wH 
produce contraction in the muscles most affected by the weakest cur- 
♦w’f longitudinal stimulation. Care must be exercised, 

too great fatigue in these muscles. One must 
HpfprHvp F T many cases deep muscle sense is 

tdS patient is unable to tell when the muscles are 

months, the muscles most affected become 

of curreS fn unipolar stimulation produces a spread 

hiiuJJ muscles, which may alone contract, to the 

valu^A cwK bipolar stimulation is of greater 

larrto^nmdnrP anatomy and function of muscles is neces- 

haifd m?sc£ TtI^® ^®**®^^* Particularly is this true of the small 
itself h not irritable to stimula- 
musdes a ^ upon the motor points of the 

ever even the Paralysis of the upper motor neuron. How- 

Althoufih Dolar inv '^outract more readily at these points, 
muscles it is sufficipn?^*”” always the rule in degenerated 

the active electrode. It P°^'twe pole should be used as 

In the treatment of ulnar nnd ^ painful. , 

muscles— the mterossei h.nfu ^ median nerve lesions, the small hand 
thumb, and the musclra’ oT^h??’ 0PP‘»e"S,“* 

greatest attention. * hypothenar eminence — require tne 

In producing contractions nf fi, , . ♦Tip 

exercised to prevent the forr.» paralyzed muscles, care must be 
trading muscles, not only to against the con- 

segments around the joints detection of movement 

the extensors of the wrist no movf>^ P*^®vent fatigue. Upon stimulating 
dependent, whereas if it is sunnort^l”^ ^ 

extension may take place ^ its ulnar border, 

ne extensors of the foot may not produce 
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tion of the extremity which is maintained by a splint should be held 
throughout the treatment. There never should be stretching upon 
the denervated muscles. JIassage is begun with a period of rhythmic 
superficial stroking to obtain further relaxation. This may be given 
in either direction, whichever is more pleasing to the patient, and the 
pressure must be so gentle that even centrifugal stroking will not inter- 
fere with the circulation. Following this gentle stroking, all of the mus- 
cles of the extremity should be massaged with a centripetal motion to 
increase the venous and lymphatic circulation. More pressure should 
be used than previously but care should be taken not to injure the para- 
lyzed muscles by compressing them against the bones. This may be 
increased gradually until the massage consists of a gentle kneading. 

If superficial scar tissue is present, friction massage should be used. 
This is obtained by pressing deeply and moving the hand in a circular 
direction. The outer tissues should be moved over the underlying 
structures with a minimum of movement on the surface. If the scar 
is dry, a lubricant may be used at the end of the friction massage, 
but its use in the beginning makes deep friction impossible. If adhe- 
sions and contractures are present, they must be stretched slowly and 
gradually. Stretching must not be carried to the point where it causes 
pain or tenderness following the treatment and the movement of re- 
turning to the original position must be made as slowly and as carefully 
as the stretching movement. Gentle kneading of the contracted muscles 
and friction over the ankylosed joints may be performed during this 
procedure. 

Reeducation. — The indications are to train the patient to repro- 
duce voluntarily the movement which has just been provoked elec- 
trically or by passive movement. This is the most important part of 
physical therapy, particularly because not only motor regeneration 
must be complete but sensory regeneration as well, in order to effect 
accurate movement. A certain type of deep sensibility that deals with 
joint sense is among the last to recover, and often never recovers 
completely. An ataxia results, even if motor regeneration is perfect. 
It is necessary, therefore, to treat this ataxia by reeducation. 

The extremity of the patient must be so supported that the force 
of gravity does not act against the contraction of the muscle. At times 
it is advisable to have the extremity supported by a sling, or a freely 
swinging board suspended by spiral springs and counter’weighted so 
that the least amount of power is necessary to produce movement. 
Exercises may be performed to great advantage with the extremity 
immersed in water. Finally, the extremity may be placed upon a 
powdered board so tilted that the above indications are met. The 
patient is directed to perform a movement, and at the same moment 
the operator slowly, passively performs the movement. As each normal 
movement is attempted, the patient may be directed to perform the 
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may be less tendency to a contracture. The cut ends of a nerve may 
become rather fixed to the surrounding connective tissue so that move- 
ments may cause a greater pull upon the nerve. However, Langley 
has shown that in this presuture period the tension so placed upon a 
nerve is not sufficient to cause a rupture of the degenerating fibers. 

In many operations it is necessary to fix the limb in a flexed position 
to permit the cut ends of the nerve to be brought into end-to-end 
apposition. In such instances passive movements designed to bring the 
limb into its normal position may be begun about two weeks after the 
suture has been made. Miller and Lewis have shown experimentally 
that the tensile strength of a suture line is as great at the end of that 
time^ as it is weeks later. This is an important fact which allows 
passive and active movements to be instituted before fotnudable 
ankyloses and contractures have occurred. 

Passive exercises may be carried out very well in conjunction vath 
massage. They help to stretch contractures which have already 
occurred and to prevent those which invariably occur in a denervated 
muscle. They also increase the range of motion in an already stiffened 
joint and help to keep a mobile joint active so that when the tijne 
comes it is ready to perform its part in an effector rneebanism. Finallyi 
such movements help to reeducate the muscles in periorming normal 
movements. These exercises should be carried out slowly and gently 
and never with quick, jerky movements. Each separate passive esej* 
cise should be individualized and the patient should be requited to 
make the attempt to perform the movement simultaneously or to at’ 
ternpt to hold the part in the position imposed upon it. 

In many instances active exercises may be employed to great advatv* 
tage. For example, a median or ulnar nerve lesion at the wrist does 
not affect the innervation of the long flexor muscles of the fingers and 
the vn-ist. Unfortunately, u is common to find the phalangeal and 
carpal joints ankylosed or the muscles atrophied simply from disu^ 
As Kanavel has pointed out, in practically every case of joint or 
muscle injury, passive motion of the injured part with the help of 
the sound member, combined with voluntary exercises, will accom- 
P towards the restoration of function if the patient has 

sufficient intelligence and energy. 

nncki? ^ i? mmutes to obtain as much relaxation as 

possible. Radiant heat, the mfra-red light hot packs or a whirlpool 
bath of warm water are all useful but should be used with extreme 
care, particularly because of the ease with which it is possible to burn 
the skin of a denervated area. The whirlpool bath is preferable 
because the motion of the water arte ^ .1 is 

pleasing to the patient Sfef 

Before beginning massage the t ^ • n com- 

fnrtnWe nosition with all extremity must be placed in a coni 

fortable position with all the muscles completely relaxed. The post* 
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PHYSICAL THERAPY IM INFANTILE PARALYSIS 
Arthur T. Legg, M.D. 

Introduction 

Poliomyelitis is a specific infectious disease, the causative agent of 
which is thought to be a filtrable virus. Although adults may be 
stricken with poliomyelitis, the disease is primarily one of young chil- 
dren, appearing rarely under one year, but reaching the peak incidence 
at about the five-year-age level. A marked seasonal incidence is appar- 
ent in the consistent recurrence of the disease in the late summer and 
early fall. The disease is most common in temperate climates. 

In order to follow the course and treatment of anterior poliomyelitis 
carefully, the disease is best considered in four stages: 

The first, or acute, stage includes the constitutional symptoms, and 
the preparalytic and paralytic phases. Its treatment should be wholly 
medical. 

The second stage begins as soon as the temperature becomes normal. 
At this stage sensitiveness is still present, and the muscles show paral- 
ysis or weakness. Early orthopedic treatment for the prevention of 
deformity should start at this time, but no active treatment, such as 
massage and muscle training, until the sensitiveness has disappeared. 
It is during this second stage that most of the spontaneous recovery 
takes place. 

The third, or convalescent, stage starts when the sensitiveness is 
over and includes that period when the muscles make the greatest gain 
in power. Active muscle training should be carried on faithfully. 

The fourth, or chronic, stage is the stage after the muscles have 
finished their rapid gain. A certain proportion will have recovered to 
such an extent that no treatment is neepsary other than occasional 
supervision. The remainder uill still need orthopedic care, and the 
majority will still obtain benefit from muscle training and massage. 
This benefit will be shouTi both in actual, although slow, gain in muscle 
strength and in an improved use of the body as a whole in getting 
around and taking part in normal actiuties. Furthermore, badly 
affected muscles lose tone and function, and slight contractures 
develop into fixed deformities, if regular treatment is neglected even 
in the chronic stage ’ 
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movement on the normal side as well. If electricity is used to produce 
a movement, the technic is the same. , , 

Although actual movements of muscles 
a complete section of the nerve do not occur before the fourth moitt, 
these exercises may be begun after the third month. P. 

plementary movement, which at times develops during trea , 
ways retards recovery of paralyzed muscles is a moot .j 

the movement is adequate to function as in paralysis of • J 

it makes little difference to the patient. Care must always e 
to prevent fatigue in the paralyzed muscle. 

Occupational Therapy. — Gymnastics of various kinds, 
movements, etc., are valuable. Particularly valuable .. 

of the long time required to effect recovery is .„r„pnts- 

The type of occupation should be devised to fulfill two req 
first, that which will hasten recovery and, second, that w » 
recovery does not take place, will be of benefit to the 
use of the extremity. The handles of tools are so 
afford support and exercise to the weakened muscles, na j 
screwdrivers, chisels, saws, planes, all lend themselves 
cising the upper extremities, and foot pedals of various 
be used for the lower ones. The small hand muscles are ass 
recovery by typing, basket weaving, rug making ° 'verv 

the combined use of all the methods outlined, a functional ^ 
may be brought about which justifies the surgical treatment, pa 
and time expended. 
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Introduction 

Poliomyelitis is a specific infectious disease, the causative agent of 
which is thought to be a filtrable virus. Although adults may be 
stricken with poliomyelitis, the disease is primarily one of young chil- 
dren, appearing rarely under one year, but reaching the peak incidence 
at about the five-year-age level. A marked seasonal incidence is appar- 
ent in the consistent recurrence of the disease in the late summer and 
early fall. The disease is most common in temperate climates. 

In order to follow the course and treatment of anterior poliomyelitis 
carefully, the disease is best considered in four stages: 

The first, or acute, stage Includes the constitutional symptoms, and 
the preparalytic and paralytic phases. Its treatment should be wholly 
medical. 

The second stage begins as soon as the temperature becomes normal. 
At this stage sensitiveness Is still present, and the muscles show paral- 
ysis or weakness. Early orthopedic treatment for the prevention of 
deformity should start at this time, but no active treatment, such as 
massage and muscle training, until the sensitiveness has disappeared. 
It is during this second stage that most of the spontaneous recovery 
takes place. 

The third, or convalescent, stage starts when the sensitiveness is 
over and includes that period when the muscles make the greatest gain 
in power. Active muscle training should be carried on faithfully. 

The fourth, or chronic, stage is the stage after the muscles have 
finished their rapid gain. A certain proportion wll have recovered to 
such an extent that no treatment is nec^sary other than occasional 
supervision. The remainder will still need orthopedic care, and the 
majority wll still obtain benefit from muscle training and massage. 
This benefit will be sho^\'n both in actual, although slow, gain in muscle 
strength and in an improved use of the body as a whole in getting 
around and taking part in normal acti\'ities. Furthermore, badly 
affected muscles lose tone and function, and slight contractures 
develop into fixed deformities, if regular treatment is neglected even 
in the chronic stage. ’ 
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While the treatment of the acute stage Is entirely medical, some 
knowledge of it is desirable in order to understand the later stages. 


First, or Acute, Stage * 

The disease usually develops in the patient first as a general systemic 
process, of short duration, in xvhich the child is only mildly ill mih 
slight fever and some variable indefinite symptoms referable to the 
upper respiratory tract or the gastro-intcstinal tract. The patient re- 
covers from this mild indisposition, which is frequently entirely over- 
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and ulerTii Th<= child is usually mentally cleat 

yields normal fluid** so- during the first stage of the diseas 
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under taS pri^ure^^^^^^^ ^y^‘™- The spinal fluM 'S 

sequent examination mav sVn ^ lumbar puncture (although su 

The fluid is colorless dLr n?^ 

is present a readily demonstraW°'^°^ glass, rarely turbid, and ih 
present in normal amounts Crfk ^ globulin. 

stage. ■ McKhann for the description of the acu 
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fifty to several hundred, usually lymphc^tic or monocytic in type. 
Occasionally, and especially very early in the meningitic stage, the 
fluid may be quite turbid, and the cell count may run as high as 1500 
to 2000 per cu. mm. In these cases the cells may be largely poly- 
nuclears. The high cell counts tend to fall rather rapidly, accompanied 
by a change in the types of cells to those of the mononuclear series. 

These evidences of acute infection mth meningeal involvement last 
but a few days. Yet in these few days of febrile disease the damage is 
done to the central nervous system, and the full basis of paralysis is 
established. 

The first appearance of paralysis is usually 36 to 48 hours after 
the onset of the meningeal stage, with the maximum extent of paralysis 
reached usually within 48 to 72 hours after the first demonstrable 
weakness. With the fall of the temperature to the normal level, the 
danger of further damage to the central nervous system, or further 
extension of paralysis becomes remote. 

Death from poliomyelitis in the acute stage of the disease is due 
usually to failure of the respiratory mechanism brought about presum- 
ably in one of three ways : 

(1) In dorsal involvements directly, by paralysis of the primary 
respiratory muscles, the intercostal muscles and the diaphragm. 

(2) In bulbar types indirectly, in patients with paralysis of the 
pharynx, by the collection of mucus or vomitus about the glottis, 
causing, either by actual obstruction or by initiating spasms of the 
glottis, constantly interrupted, shallow and irregular respiratory efforts. 

(3) In bulbar types, in addition to pharyngeal paralysis, directly 
by disturbance of the nerve centers in the medulla which control 
respiration. 


The last few years have brought definite advances in the treatment 
of these dangerous forms of the disease, advances which fall in large 
measure into the field of physical therapy. For the treatment of the 
first type of respiratory failure, involvement of the intercostal muscles 
or the diaphragm, the Drinker respirator has proved quite effective. 
In the treatment of bulbar forms of the disease, without intercostal 
or diaphragmatic involvement, where both the second and third 
mechanisms of interference with respiration may be operative, the 
results obtained from the use of the Drinker respirator have not been 
very encouraging. 


However, in view of the observation that patients \vith bulbar in- 
volvements, if they survive, show a most remarkable return of function 
in the paralyzed muscles of the phaiyni, every effort should be made 
to maintain life in these patients suffering from high cord or brain 
stem involvement. Jluch can be accomplished of benefit to patients 
who have pharyngeal paralysis not complicated by central interference 
with respiration. Inasmuch as patients suffering from pharyngeal 
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paralysis may succumb to interference with respiration due to collec- 
tion of mucus or vomitus in the pharynx, or may develop a broncho- 
pneumonia due to the aspiration of this material, the indication is to 
keep the pharynx dry and free from secretions. This can be facilitated 
by having the patient lie on his side or on his face and by elevating 
the foot of the bed. Aspiration of the pharynx for the removal of 
secretions may be necessary. Patients with bulbar involvement show, in 
the febrile stage, a tendency to vomit, so that frequently it seems neces- 
sary to rely on parenteral fluids, avoiding anything by mouth in these 
patients until the temperature becomes normal. After the temperature 
drops, the nutrition of the patient may be maintained by gavage feed- 
ings. In the majority of patients the swallowing function returns m a 
few days, though occasionally postural drainage, aspiration of the 
pharynx, and gavage feeding may be required for several weeks. Even 
in these prolonged cases return of function of muscles supplied from 
the bulbar regions of the spinal cord has been surprisingly good. 

Patients who have shown, in addition to pharyngeal paralysis, t e 
spasmodic, irregular breathing suggesting central interference^ I'a 
respiration have been treated in a variety of ^vays other than m t 
Drinker respirator, usually without demonstrable benefit. The pro* 
cedures which have been tried include repeated spinal fluid drainage 
and the use of hypertonic salt or glucose solution intravenously! 


Extent of Paralysis and Return op Function 

Frequently the extent of the paralysis in patients during the aci^e 
^brile stage of poliomyelitis is not immediately and fully appreciatca. 
The pathologic lesion, however, has reached its maximum, and failure 
the paralysis is due more to tne 
dimcullies inherent in the careful muscle examination of a severely 
patient than to the absence at this time of paralysis which is discoverea 
only subsequently Also, before or with the development of paralysis 
there appears, m the majority of cases, the muscle tenderness which 
IS reco^ized as a characteristic of the disease and which interferes 
examination. , . 

With the passing of the acute febrile stage there passes the 
the pathologic process, and thereafter any change is usually m the 
direction of improvement. As noted before, bulbar types of involve- 
rapid recovery. 

pathologic process aids materially m o^t 
understanding of the clinical course and the outlook, for return o 
function in the involved members. When the virus invades the central 
nervous system it mates a marked edema of the cord mth considerable 
perivascular infiltration, the development of minute hemorrhages, and 
almost immediate mju^ry of the anterior horn cells Some of the nerve 
cells of the anterior horn appear to be destroyed’ specifically by the 
vims and removed by infiltrating phagocytes ^Orhe? cells apparently 




are not reached by the specific agent but are seriously impaired in their 
function by interference with the blood supply, probably in turn a 
result of the extensive edema. 

With the subsidence of the acute process, the edema diminishes,^ the 
hemorrhages resorb, and the motor nerve cells which have remained 
viable gradually resume their normal functions. But the cells which 
are no longer viable continue to degenerate, while groups of phagocytic 
cells collect to remove this dMs. When in a given level of the cord 
a few cells only are destroyed, the outlook as regards considerable 
return of function should be good. In very severe involvements all of 
the motor cells at certain levels may be destroyed, and in a few weeks 
a cavity in the cord may develop where once was a portion of the 
anterior horn. Obviously in cases where this type of extensive degenera- 
tion has been found at necropsy, had the patient survived, little could 
have been hoped for in the way of recovery of paralyzed members. 

Unfortunately exact determinations of the extent of involvement can 
be made only by pathologic examination. Clinically the number of 
patients who show some return of function in a paralyzed part is so 
large as to justify an optimistic attitude as regards some return of 
function in all cases and the acceleration of this return by proper 
physiotherapeutic procedures. In the paralyzed part in which the pas- 
sage of time has demonstrated the complete destruction of the nerve 
supply and the failure of the natural regenerative process, the obliga- 
tion to resort to orthopedic reparative procedures is obvious. 


Second Stage 


EARLY ORTHOPEDIC TREATAIENT 


This stage begins as soon as the acute febrile stage is over, when the 
cases are definitely paralyzed or weakened. About 8o per cent of the 
patients will show sensitiveness at this time, although others apparently 
never have any sensitiveness. 

The objects of treatment at this stage are the prevention of early 
deformities and the relief of the sensitiveness. The sensitiveness can be 
most easily combated by hot packs, given two or three times a day 
for about fifteen minutes If both arms and legs are sensitive the 
entire body should be wrapped in wet blankets or towels which have 
been placed in hot water and wrung out A rubber sheet outside will 
keep the heat in and protect the bed. If only the legs are tender the 
wrappings may extend from the waist down. The heat should not be 
intense enough to be debilitating, or to require the use of ice aoDlica. 
lions lo the hend. Dry heat, from electric pads, hot-water boUte or 
radial hsht bakers, may be applied to the sensitive areas, but moist 
heat has seemed to the writer to be more effective in leienine the 
sensitiveness due to infantile paralysis. lessening the 
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This stage may last from a few weeks to two or three months. No 
massage should be given during it. Complete immobilization in splints, 
or in a plaster bed, will aid in the relief of the sensitiveness. Unless 
the case is seen within a few days of onset, the knees and thighs may 
be already flexed on the body and resist extension. It may be necessary 
to immobilize in this position at the start, if the flexion and pain are 
severe, and gradually bring the legs down as the pain subsides. 



Fio. s.— Equinus--as$umc<i In reoimbcnt posilien with weak doRifletors. 
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In the nursing care of the patient particular ^ 

paid to the condition of the skin to prevent bed 
the splints. A daily sponge bath may be (pycn, J,!' ^3 

alcohol rub, but the sensitive joints should '.imhol Any 

possible, and no brisk rubbing should be given 
deep massage, or too much passive motion, may increase the 
ness and prolong this stage. ..r ♦?m«.mthe 

If the limbs are completely immobilized for any length 
corrected position, the sensitive muscles udU shorten 
And joint motion will be lost. Light passive motion o tp^jjiQnce 
hips should be given twice daily, flexing each to the poi 
or Uvice. Otherwise when active treatment is started, it ,:„i,fne5S 
that the patient can not be sat up on a chair because of ^ ^ jjg 
of the posterior gluteal muscles at the hip, and the kne .. 

bent on account of the tight knee extensors, w’hich can 
stretched out without permanent damage to the muscles, 
of the arm should be treated in the same way. ^ ^ , , - j^gs 

The general practitioner can prevent deformities jmo . ^ 
and trunk in their normal position by means of nnsUloa 

hold the feet at right angles, with the body kept in ^ ®. allowed 

by pillows. A patient with sensitive shoulders should not 
to keep the arms close to the chest and the elbows y a 

pillow in the axilla will help to prevent adduction contra ^ 

splint is not available, and a bandage around the wrist may y 
to the bed to keep the elbow in partial e.xtcnsion. adiusted 

It is far better to utilize pillows even though they must J 
frequently to maintain the desired position, than it is to . 'jjijs 
plaster cast and leave the patient in it for any length ol 
interferes with the return of muscle power and produces 1 shoul'f 
Rest is the essential thing during this period, and the patie ^ 

be moved as little as possible except for necessary No 

Bradford frame should be used if it is necessary to carry ’j^a- 
increase in muscle activity should be allowed before a muscle 
tion is made. 


Tkiro, or Convalescent, Stace 
When the sensitive stage is over, active physical therapy 

At this time, an examination shows either a definite flaccid 
of the muscles affected or, if a mild case, some degree of ^ of 
The reflexes may or may not be present, according to the 
the damage in the spinal cord, but they are never increased _ 
stage. Some muscles may be contracted from overbalance, ^ .jjjj. 
habitual position, but they are never spastic The patient s 
tion in controlling the muscle power which remains is never 
If he has the muscular strength to perform the desired motion, ne 
execute it, and there wiU be no ataxic or uncoordinated move 
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The mentality is never impaired, and as a general rule the patient’s 
attitude is hopeful and cooperative, although some of the older ones 
may have more or less depression as they come to realize the extent 
of their affliction. 

The circulation of both legs is decreased during the period while the 
patient is being kept in recumbency, and atrophy will follow if the 
circulation is not kept up. Besides this effect of inactivity on the cir- 
culation of both normal and affected muscles, there is in many cases 
some vasomotor disturbance which shuts do^vn the blood supply to a 
great degree. As a result of this, we may find later a marked atrophy 
of the muscles and considerable shortening in a leg where there is 
very little loss of power, while another case with marked muscular 
involvement may have no shortening at all. However, the majority of 
cases with severe leg paralysis eventually show both atrophy and 
shortening. 

While some cases may show some loss of sensation during the acute 
stage and a few have incontinence or retention of urine, these symp- 
toms are never permanent and, if present, are a sign of some condition 
other than infantile paralysis. 

The classic signs of some other forms of paralysis, such as shiny 
skin, deformed nails, lack of sensation or anesthesia to heat, pain, 
touch, etc., are never present In infantile paralysis. 

This period when the sensitiveness has recently disappeared is the 
period of most rapid spontaneous recovery. Many cases show a re- 
markable spontaneous recovery in power during the first few weeks 
after the onset, even changing from complete paralysis to normal 
strength wthout any treatment whatever. This is explained by the fact 
that the early paralysis was due to pressure on the nerve centers by 
the edema in the spinal cord, without, however, any destruction of 
these motor centers. With the disappearance of the edema, the nerve 
cells resumed their normal function, and the muscles ceased to be 
paralyzed. This spontaneous recovery is often attributed by parents 
and irregular practitioners to all sorts of batteries, lights and applica- 
tions, which have no value in themselves. 

Before any intelligent physical therapy treatment or reeducation 
of the affected muscles can be started, a complete muscle examination 
must be made to show the extent of paralysis and the comparative 
strength of the different muscle groups. A muscle examination can 
be made only by someone who has a thorough knowledge of func- 
tional anatomy and knows the relative normal strength of the different 
muscles examined. Any person without this knowledge of functional 
anatomy is not competent to make a complete muscle examination nor 
to carry out intelligent treatment. 


It IS inexcusable for a physician to turn a case over to a masseuse 
or a physical education instructor without special training and ex- 
periencc in this special branch of physical therapy. It is not sufficient 
for him to ask a patient sitting on the edge of a table to extend his 
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possible 'inli nn hJ% sensitive iomts should be moved as little as 
deep massnpe rubbing should be given with the alcohol. Any 

nesTand proling iwsMaBc.'’"®"'' 

correSod 'cMblnu for nny length of time in the 

dnd roinf sensitive muscles will shorten in this posiiiwi, 

hips should be p*;. '^*1 Passive motion of the knees and 

or twice Qthprw^f^ each to the point of pain once 

that Ihe'natiPht active (re,a(mcnt is sLirted, it will be found 

of the nostprinr ^ because of the tightness 

bent on accmint^^f muscles at the hip, and the knees can not be 
stretched out n-ith extensors, which can not be easily 

of the arm should beVSK/Sway 

and ttunkZihehlT‘"'V "P P''«''onl Mormiths and hoM the legs 
hold the feet at riirhf Position by means of sandbags, or a boxta 
by pillows. A patf«i\ )>ody h’fpl fn a straight posium 

to keep the arms shoulders should not be allows 

pillow in the atiila ?vhl u ^ 

splint is not available 115^ ’’^'° P^oveni adduction contractures if a 
to the bed to keen “ *’?"‘*a6o around the wrist may be pinned 
It is far better s miu! "tension. . ^ 

frequently to maintain rkf 5' though they must he adjust^ 

plaster cast and leave ih* *®'.''cd position, th,on it is to put on a Mhd 
interferes with the retnmlr*’'’''™! '* ^or any length of lime- This 

Rest is the essential thtnl P^wor and produces stiff joints, 

be moved as little a? period, and the patients sboula 

Bradford frame shouIrJ^hf . ^ necessary nursing ® 

increase in muscle activ{f\fc?^^j[ necessary to carry them. No 
tion is made. ^ should be allowed before a muscle e-Tarmna- 

Tbird, oh Convhiescent. Stage 
When the sensitive sL^ep io 

started. °''er, active physical therapy can be 

At this time, an examin'iii t • 

of the muscles affected or w" '"“TO either a definite flaccid paralysis 
The reflexes may or mav nn. k"'‘ degree oi weakness, 

the damage in the spina! cord “tcording to the esMt of 

Stage. Some muscles mav ht. ’ never increased m t»n) 

habitual position, but they _ from overbalance, or 

tion in controlling the mmiril ®P^stic. The patient's coordma- 

If he has the muscular strenLlf?'^®^ remains is never affected, 

execute it, and there \nll be nn the desired motion, he wll 

ataxic or uncoordmated movements. 
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The mentality is never impaired, and as a general rule the patient's 
attitude is hopeful and cooperative, although some of the older ones 
may have more or less depression as they come to realize the extent 
of their affliction. 

The circulation of both legs is decreased during the period while the 
patient is being kept in recumbency, and atrophy will follow if the 
circulation is not kept up. Besides this effect of inactivity on the cir- 
culation of both normal and affected muscles, there is in many cases 
some vasomotor disturbance which shuts down the blood supply to a 
great degree. As a result of this, we may find later a marked atrophy 
of the muscles and considerable shortening in a leg where there is 
very little loss of power, while another case with marked muscular 
involvement may have no shortening at all. However, the majority of 
cases with severe leg paralysis eventually show both atrophy and 
shortening. 

While some cases may show some loss of sensation during the acute 
stage and a few have incontinence or retention of urine, these symp- 
toms are never permanent and, if present, are a sign oi some condition 
other than infantile paralysis. 

The classic signs of some other forms of paralysis, such as shiny 
skin, deformed nails, lack of sensation or anesthesia to heat, pain, 
touch, etc., are never present in infantile paralysis. 

This period when the sensitiveness has recently disappeared is the 
period of most rapid spontaneous recovery. Many cases show a re- 
markable spontaneous recoverj’ in power during the first few weeks 
after the onset, even changing from complete paralysis to normal 
strength without any treatment whatever. This is explained by the fact 
that the early paralysis was due to pressure on the nerve centers by 
the edema in the spinal cord, without, however, any destruction of 
these motor centers. With the disappearance of the edema, the nerve 
cells resumed their normal function, and the muscles ceased to be 
paralyzed. This spontaneous recovery is often attributed by parents 
and irregular practitioners to all sorts of batteries, lights and applica- 
tions, which have no value in themselves. 

Before any intelligent physical therapy treatment or reeducation 
of the affected muscles can be started, a complete muscle examination 
must be made to show the extent of paralysis and the comparative 
strength of the different muscle groups. A muscle e.xamination can 
be made only by someone who has a thorough knowledge of func- 
tional anatomy and knows the relative normal strength of the different 
muscles examined Any person without this knowledge of functional 
anatomy is not competent to make a complete muscle examination nor 
to carry out intelligent treatment. 


It is inexcusable for a physician to turn a case over to a masseuse 
or a physical education instructor without special training and ex 
poricnce in this special branch of phjn^ical therapy. It is not sufficient 
for him to nsk a patient sitting on the edge of a table to extend his 
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• Age 

Name Set Birthday. 

Residence .Telephone 

Birthplace 

Race 

Father’s Name .Birthplace Occupation 

Mother’s Name Birthplace Occupation 

Doctor’s Name Address 

Date of Onset Date of Paralysis ' 

.Initial Symptoms 


Diatnbution of Initial Paralysis. 


Sensitiveness (where) 


Previous Treatment 


Operation 
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Patient’s Name 

Left Arm 


Contractions and Deformities 
Shoulder 
Elbow 
Wrist 
Fingers 

Anterior Deltoid 
Posterior Deltoid 
Upper Traperms 
Middle Trapezius 
Lower Trapezius 


Serratus Magnus 
Rhomboids 
Latissimus Dorsi 
Claw Pert Major 
Stem Pert Major 
Outward Rotators 
Diceps 
Triceps 
Supm Brev 
Pronators 
Flexor Carpi Rad 
Flexor Carpi Uln. 
Extensor Catin Rad 
Extensor Carpi Uln 
Flex Prof Dial 
Flex Sub Digit 
Finger Ext. 
Lumbricalcs 
Dors Intcross 
Abd Min Di.zU 
Palm Inteross 


Oppon Poll 
Al>d Poll 
Thumb Flex 
Thumb Ext. 


Upper Arm 
Lower Arm 
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Left Arm 

Right Arm 


Contractions and DrformHies 







Elbow .... 




Fingers 





Anterior Deltoid .... 




Posterior Deltoid 




Upper Trapezius 




L T * ‘ 




Serratus MaRnus 




IT’ n ni 




Clav Pect Major 





Outward Rotators 





Triceps 




Supm Prev. 




Pronators 




Flesor Carpi Rad. 




flexor Carpi Uln ... • 




Extensor Carpi Rad 



. 

Extensor Carpi Uln 




Flex Prof. Digit. 




flex Sob DiRit 




Lumbricales • • ... 




Dors. Inteross. 








Palm Inteross 
















Thumb Ext 








Lower Arm 
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Contractions and Deformities 
Sboulder 
Elbow 
Wrist 

Fingers 

Antenor Deltoid 
Posterior Deltoid 
Upper Trapezius 
Middle Trapezius 
Lower Trapezius 
Serratus Magnus 
Rhomboids 
L^tissimus Dors! 

Cl3V. Pect Major 
Stern Pect Major 
Outuard Rotators 
Biceps 
Triceps 
Supm Drev 
Pronators 
Flexor Carpi Rad 
Flexor Carpi Uln 
Extensor Carpi Rad 
Extensor Carpi Uln 
Flex Prof Digit 
Flex Sub Digit 
Finger Ext 
Lumbricales 
Dors. Intcross 
Abd Mm Digit 
Palm Intcross 

Oppon Poll. 

Abd Poll. 

Thumb Flex j 

Thumb Ext 

Upper Arm j 

Lower Arm 


Fjc. 6— Arm examination sheet u'^d in the After-Care Treatment Clinic of the Har\-ard 
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Patient’s Name 

Cannot walk, \valk5 unaiflcd, with braces, crutches anti corbel. 

Characteristic Gajl 

Scoliosis 

Left Leg Contractions ami Deformities Right Leg 


Hip 

Knee 

Ankle 

Orbit 

MoMh 

Anterior Neck 
Posterior Neck 
Back 

Respiration 
Quadratus Lumbofum 
Anterior Abdominals 
Lateral Abdominals 


Gluteus masimus 
Hip Flexors 
Sartonus 
Inward Rotation 
Outward Rotation 
Tensor Fasciae Latae 
Hip Abductors 
Hip Adductors 
Quadriceps 
Inner Hamstrings 
Outer Hamstrings 
Gastrocnemius 
Anterior Tibial 
Posterior Tibial 
Peroneals 

Extensor Longus Digtlorum 
Extensor Propnus Hallucis 
Flexor Longus Dtgitorum 
Short Toe Flexors 
Flexor Longus Hallucis 
Length 
Thigh 

Fio. 7-Lre rommllon sket used in lh.'^'|i„.c„, Titatlenl CUMc "I tl>' H’'""' 
Inlantile Parab^ Commission. 
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knee, and pronounce that his muscles are gone if he is unable to do 
so. A knowledge of an easier position in which the weakened muscle 
can function may demonstrate a considerable amount of power remain- 
ing and may entirely change the prognosis as well as the treatment 
to be advised. On the other hand, it should be remembered that normal 
muscles not only produce movement through a certain arc of motion 



Fic 8. — Equinus — assumed with child sitting with weak dorsiflexors 


but are able to do so against a considerable degree of resistance and 
to hold the part in that position against a considerable amount of out- 
side pressure. It is not safe to assert that a child has no weakness 
because he is able to move his arms and his legs about in bed. Partial 
paralysis is more common than total, and the presence of enough un- 
paralyzed fibers in a muscle to straighten the knee in bed or silting 
up, does not prove that there are enough unaffected fibers in that 
muscle to hold the patient’s weight in standing. 


No, 
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Patient’s Name 

Cannot walk, walks unaidnl, with braces, crutches and cornet. 

Characteristic Gait 

Scoliosis 

Left Leg Contractions and Deformities Rifiht Leg 


Hip 

Knee 

Ankle 

Orbit 

*» .u 

Mouth 

Anterior Neck 
Posterior Neck 
Back 

Respiration 
Quadntus Lumborum 
Anterior Abdominals 
Lateral Abdominals 
Gluteus maximus 
Hip Flecors 
Sartorius 
Inward Rotation 
Outward Rotation 
Tensor Fasciae Latae 
Hip Abductors 
Hip Adductors 
Quadriceps 
Inner Hamstrings 
Outer Hamstnngs 
Gastrocnemius 
Anterior Tibial 
Postenor Tibial 
Peroneals 

Extensor Longus Digitorum 
Extensor Propnus Hallucis 
Flexor Longus Digitorum 
Short Toe Flexors 
Flexor Longus Halluds 
Length 
Thigh 
Calf 


F» ^ in th. Aft„.C„a Tr.atLrt' 'of t'h. 
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knee, and pronounce that his muscles are gone if he is unable to do 
so. A knowledge of an easier position in which the weakened muscle 
can function may demonstrate a considerable amount of power remain- 
ing and may entirely change the prognosis as well as the treatment 
to be advised. On the other hand, it should be remembered that norrnal 
muscles not only produce movement through a certain arc of motion 
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but are able to do so against a considerable degree of resistance anc 
to hold the part in that position against a considerable amount of out 
side pressure. It is not safe to assert that a child has no weaknes' 
because he is able to move his arms and his legs about in bed. Partial 
paralysis is more common than total, and the presence of enough un- 
paralyzed fibers in a muscle to straighten the knee in bed or sittinc 
up, does not prove that there are enough unaffected fibers in that 
muscle to hold the patient’s weight in standing. 
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Patient’s Name 

Cannot walk, walks unaifle«l, with bnccs, crultlies and corset. 

Characteristic Gait 

Scoliosis 

Left Lci; Contradiom and Deformities Rlitht Le;; 


r • » 

Facial 

Mouth 

Anterior Neck 

Posterior Neck 

Back 

• Respiration 

Quadratus Lumborum 

Anterior AbdominaU 

Lateral Abdominals 

Gluteus omimus 

Hip Flexors 

Sartorius 

Inward Rotation 

Outward Rotation 

Tensor Fasciae Latae 

Hip Abductors 

Hip Adductors 

Quadneeps 

Inner Hamstriogs 

Outer HamstiinRs 

Gaslrocneinius 

Antenor Tibial 

Posterior Tilual 

Peroneab 

Extensor Longus Digitorum 

Esfensor Proprius HaSlucis 

Flexor Longus Digitorum 

" * Short Toe Flexors 

^®'or Longus Malluds 

Length 

Thigh 

.... . . ... ..... 

Fio Leg exarainauon sheet used in the After-C,,.,. Trp, 
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Egttinus—\i a shortened tendo achillis prevents the heel from touching 
the floor, so that the weight is borne wholly on the forefoot, the con- 
dition is called an equinus. 

Valgus — If the adductors, the muscles which invert the foot, are the only 
weak muscles, the stronger abductor group, the peroneals, will pull the 
foot out into eversion (valgus). The patient will walk wth the fool 
displaced out\\ard and the internal malleolus will appear prominent. 
An equinus may also be present, in which case the deformity is called 
equinovalgus and the weight is borne on the toes with the foot dis- 
placed outward. 



Fig 10 — Equino\arus deform(t> due to weak dorsifleTors and peroneal group 


Varus — WTien the abductor group which everts the foot is weak, and the 
in%ertors are strong, the foot is tumcti in so that the weigh! is borne on 
the outer border of the font. TTiis deformity is called \arus. It is fre- 
(juently combined with an equinus. 

Should all three of these groups be weakened, strength in the posterior 
calf group would still produce an equinus on account of the weakness of 
dorsiflexors, but the foot would not be displaced to either side if the 
in\crtors and the e%ertors were equally weak. 

Cfl/ranri/i— Weakness of the gastrocnemius and soleus, when the opposing 
dorviflexnrs arc strong, results in a gait without sprin-^ The weight is 
l.r,n,e hoaMly on the h«l, nmi the heel cord Rrocloally becomes stre'tched 
out. This condition is knovxn as calcaneus. 
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The detnils of makinR a complete muscle examination will be found 
in the later section on muscle training. 

After the muscle examination, if the patient has been allowed to 
walk, it is very important to notice the weight-bearing position ol hh 
feet, knees and trunk as well as any fixed deformities which he way 
have acquired. The gait should also be analyzed very carefully. 



Fic. 9. — Equinus \v«lh tiRht heel cord 


Kni.es: 


A form like the following may be of assistance: 

1 ‘*" 5 ' j 

fi-i T foiled in, the nei(>hl being borne on the outer ho r 

ic) is there a loot tirop—does be rvallr tvboliy on his toes? 

<d) Does the weight come heavily on the heel without sprin. 
(hr locked back in hyperextension on weight besriun? 

b) Are they kept flexed at all times> 

tb) Is curried lonvard and the hip permanently flexe 

Cl Is the^f, .'“'"“'curvature of the spine? 
a, n “ ? '‘"cfl Auu-n on one side’ . s 

(dl Does the patient stand ,yi,h prominent abdomen and lord®'' 
Much ran 1^,. .. , 


' .k. MiAu pronuneni aoc 

' 10- leg are 
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Volume nJ 

Equinits — If a shortened tendo achillis prevents the heel from touching 
the floor, so that the weight is borne wholly on the forefoot, the con- 
dition is called an equinus 

Valgus — If the adductors, the muscles which invert the foot, are the only 
weak muscles, the stronger abductor group, the peroneals, will pull the 
foot out into eversion (valgus). The patient will walk with the foot 
displaced outward and the internal malleolus will appear prominent. 
An equinus may also be present, in which case the deformity is called 
equinovalgus and the weight is borne on the toes with the foot dis- 
placed outward. 



Fic 10— Efiuinoiarus deforroit> clue to «cak dorsiflexors and peroneal group 


roriij— When the abductor group which everts the foot is weak, and the 
invertors are strong, the foot is turned in so that the weight is borne on 
the outer border of the foot. This deformity is called varus. It is fre- 
quently combined with an equinus. 

Should all three of these groups be weakened, strength in the posterior 
calf group would still produce an equinus on account of the weakness of 
dorsiflexors, but the foot would not be displaced to either side if the 
invertors and the everlors were equally weak. 

Co/™»™!-WcaknBS of the paslrrotemius ami soleus, ithen the opnosim; 
dor5ine.inrs arc strone, results in a piit rrilhnul sprint The JpLhi t 
bo^e heavily on Ihe heel, ami the heel cord sraduallt b'eiomtS Sed 
out. This condition is known as calcaneus suciuicu 
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- Ca/cQHCofcrHi— Greater strength in either the invertors or the e\enors 
may cause a varus or a valgus in addition to the calcaneus. 

Flail-^A flail foot without fixed deformity results when there is severe 
paralysis of all the muscles of the lower leg, since no one group is suwg 
enough to overbalance its opponent. In walking, a , .l. 

foot comes heavily on his heel anri has a foot drop^ » . 

foot is clear-of the fioor. A-flail foot may be turned either outer 
when weight-bearing, but is not fixed in any position. 



Fic. rx. Valgus deformity due to Uieak adductor or tibwl group. 

Forcloi,l voms—A valgus (oot ot a flail tool may show varus ol 

foot i! the plantar tasda is sullidently contracted, ivithoul any ct>a"8 
in the position ot the os calcis j 

A-nrc-The pMilion of the knee in weiRht bearing should be ra)«ced f' ; 
!°ns'’?I^mriruT 1* The function of the 

'» wight bearing. K fhe 

1 le iiiehi ih? danger of having the knee bend U"*,' v j 

uhh', 1^! There are various ways in wh.ch^s 

m n is lo 1 may walk to lessen this danget- 

TiheTnil imi eh ""I*' »» body in front ot the «"'« 

ot the knee Joint nhen standing on that leg. This may be accomph*"’ 


Fio, 12— Varus deformity due to ureat ptioBtal group. 



Fic. 13 — Calcaneus deformity from 
weak jraftrocnemius and unparalyzed 
dorjiflexors (Lovett ) 


Fic 14 — H>-perertended knees 
due to allowins; ueisht bcann? 
without support. (Lovett ) 
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by bending slightly fonvanl and using the ha^ to pres 
cich time the weight is taken on that I^. Th;s ocks the knee ,» 
against dexion. Many patients accompltsh ^ 

back in hyperextension Mthoul usmg the is a 

ahead of the leg. This locking of the knee back ’’JT’Yn is 

severe strain on the posterior structures of the J . ' itg 
any considerable degree of weakness m the * ^^g^ius the 

knee joint posteriorly, cither the hamstrings or the g > 

knee is (oreed back into a greater degree of hyper»‘e"™ 
mat joint will allow, and the joint capsu e f 

stretched. Extreme cases even present a it even 

deformity has developed, it is practically impossible to correct 
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15— Hand supporting thigh In sUnding with weak quadriceps- 
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though the quadriceps muscle may grow stronger, and the position is a 
potential cause of painful joint strain in later years, as well as a per- 
manently awkward gait. A strong quadriceps may cause hyperextension 
of the knee in the presence of weak posterior muscles, but the mechan- 
ical locking of the knee necessitated by a \seak. quadriceps is a more 
frequent cause. 

Another gait which is sometimes developed by the individual nith a 
weak quadriceps is that of walking with the whole leg rotated out. The 
internal lateral ligaments of the knee lake the strain in this case without 
locking the knee back. Efforts to train sudi a patient to walk with his 
foot and leg pointed forward will only result in increased falls, if his 
knee is not held by a brace. 

A knee flexion contracture may cause walking with the knee bent. 


The limps which are caused by weakness of the gluteal muscles are 
very awkward and noticeable. It is important to recognize them, since 
they are not usually improved by braces or by operations on the feet, 
and much disappointment will be avoided if this is explained to patients 
before undertaking measures which may improve the lower joints. 

The function of the gluteal muscles in standing is to hold the pelvis 
in position over the leg which is taking the body weight at the moment. 
When the weight is taken on the left leg, for instance, the left gluteus 
maximus posteriorly tightens to prevent the pelvis from tipping for- 
ward so much that the erect position of the trunk will be lost. If this 
muscle is too weak to hold the pelvis back in place, the patient must 
either support himself with a crutch or a cane in front to prevent 
fle.xion from occurring at the hip, or else he must throw his trunk 
backward at the moment of stepping on the left leg; by so doing, 
the superincumbent weight of the trunk is brought behind the center 
of motion of the hip joint, and the danger of fle.xing the hip is pre- 
vented. This throwing of the body backward each time the patient 
steps on one of the legs is a definite sign of weakness of the gluteus 
maximus of that side. If the gluteus maximus of both sides is poor, 
the patient may walk without crutches, provided the knees are held in 
extension, by carrying his trunk posterior to his legs, the abdomen 
usually protruding. Efforts to leach him to stand with his weight for- 
ward only result in his sitting down backward unless crutches are sub- 
stituted to hold him up 


Weakness of the left gluteus medius usually results in a throwing 
or bending of the trunk to the left side whenever the right foot is 
taken off the floor, ^^'he^ the support of the right leg is removed the 
pelvis lends to drop down on the right side unless it is held by the’ left 
gluteus medius from doing so, or unless the trunk is tipped far 
enough over to the left to raise the right side of the pelvis. This tipping 
of the body to the weak side is the common abductor limp and it is 
sometimes difficult to distinguish from a short-leg Jimp. Occasionallv 
instead of tipping to the weak side, the opposite side of the pelvis is 
allowed to drop, m a hmp similar to a mild Trendelenburg sign Weak 
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by bending slightly forward and using the hand to press the thigh back 
each time the weight is taken on that leg. ITiis locks the knee joint 
against flexion. RIany patients accomplish this locking of ihe knee 
back in hyperextension without using the hand, by carrying the body 
ahead of the leg. This locking of the knee back in hyperexlension is a 
severe strain on the posterior structures of the knee joint. If there is 
any considerable degree of weakness in the muscles which reenforce the 
knee joint posteriorly, either the hamstrings or the gastrocnemius, the 
knee is forced back into a greater degree of hyperextension than a nor- 
mal joint will allow, and the joint capsule becomes permanently 
stretched. Extreme cases even present a backward bowleg. Once this 
deformity has developed, it is practically impossible to correct it even 




Third Stage voiVmrill 

though the quadriceps muscle may grow stronger, and the position is a 
potential cause of painful joint strain in later years, as well as a per- 
manently awkward gait. A strong quadriceps may cause h>-perextension 
of the knee in the presence of weak posterior muscles, but the mechan- 
ical locking of the knee necessitated by a weak quadriceps is a more 
frequent cause. 

Another gait which is sometimes dev'eloped by the individual wth a 
weak quadriceps is that of walking with the whole leg rotated out. The 
internal lateral ligaments of the knee take the strain in this case without 
locking the knee back. Efforts to train such a patient to walk mth his 
foot and leg pointed fonvard will only result in increased falls, if his 
knee is not held by a brace. 

A knee flexion contracture may cause walking with the knee bent. 


The limps which ate caused by weakness of the gluteal muscles are 
very awkward and noticeable. It is important to recognize them, since 
they are not usually improved by braces or by operations on the feet, 
and much disappointment u-ill be avoided if this is explained to patients 
before undertaking measures which may improve the lower joints. 

The function of the gluteal muscles in standing is to hold the pelvis 
in position over the leg which is taking the body weight at the moment. 
When the weight is taken on the left leg, for instance, the left gluteus 
maximus posteriorly tightens to prevent the pelvis from tipping for- 
ward so much that the erect position of the trunk will be lost. If this 
muscle is too weak to hold the pel\is back in place, the patient must 
either support himself with a crutch or a cane in front to prevent 
flexion from occurring at the hip, or else he must throw his trunk 
backward at the moment of stepping on the left leg; by so doing, 
the superincumbent weight of the trunk is brought behind the center 
of motion of the hip joint, and the danger of flexing the hip is pre- 
vented. This throwing of the body backward each time the patient 
steps on one of the legs is a definite sign of weakness of the gluteus 
maximus of that side. If the gluteus maximus of both sides is poor, 
the patient may walk ivithout crutches, provided the knees are held in 
extension, by carrying his trunk posterior to his legs, the abdomen 
usually protruding. Efforts to teach him to stand with his weight for- 
ward only result in his sitting down backward unless crutches are sub- 
stituted to hold him up. 


Weakness of the left gluteus medlus usually results in a throwing 
or bending of the trunk to the left side W’henever the right foot is 
taken off the floor WTien the supjwrt of the right leg is removed, the 
pelvis tends to drop dovsm on the right side unless it is held by the left 
gluteus medius from doing so, or unless the trunk is tipped far 
enough over to the left to raise the right side of the pelvis. This tipping 
of the body to the weak side is the common abductor limp and it is 
sometimes difficult to distinguish from a short-leg limp, oiasionallv 
instead of tipping to the weak side, the opposite side of the pelvis is 
allowed to drop, in a limp similar to a mild Trendelenburg sign Weak 
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ness of the abductors of both hips results in a waddle, tipping from 
side to side. 

Weakness of both the gluteus medius and the gluteus maximus, hip 
abductor and extensor, on the same side, causes the body to be tipped 
diagonally back on the weak side. 

Marked weakness of the hip flexors makes it difficult to move the 
leg straight forward, and this is usually overcome by a slight twist of 
the pelvis which brings the leg forward usually in outward rotation 
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Shoricning and abdominal paralysis also complicate the hip limps, 
and habit forms a very considerable dement in the limp of a chronic 
patient. 

If a child with weak hip extensors has been allowed to sit up a great 
deal ■with the hips flexed, it will be found that the hips are held pet- 
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manently flexed when the time comes for the child to stand. This 
necessitates an increase in the normal physiologic curve of the lumbar 
spine in order to hold the body erect — in other words, a lordosis. 

The patient with weak anterior abdominal muscles stands with a 
very prominent abdomen and often has the same tendency to arch the 
back. 

Weakness in the lateral abdominal muscles usually results in stand- 
ing or sitting %vith a list toward the stronger side, and a curvature in 
the spine. This is functional at first and very flexible, but if not prop- 
erly supported may increase in severity very rapidly. Length of the 
legs, involvement of the shoulder, chest and back muscles, and efforts 
at maintaining equilibrium all play a part in determining the type of 
scoliosis which results. 

Besides this detailed fhuscle examination and a recognition of any 
existing deformities or limp, the physician should inquire into other 
points which will be helpful in formulating an adequate plan of treat- 
ment. If the patient has been allowed to walk, questioning will often 
bring out the facts that he limps more when he is tired, or that he 
has trouble going up the stairs. The question of whether or not a 
slight case should go back to school may depend on these points, and 
the distance he will have to walk, or the number of stairs to be 
climbed. There may have been no apparent trouble with the arms 
during the acute stage, yet some weeks afterward it may be noticed 
that continued effort in writing or sewing causes undue fatigue and 
that the hand is used awkwardly. Inability to cough normally and clear 
the throat, difficulty in swallowing dry or solid food, and an unusually 
nasal voice are important points which may not be brought out in 
the muscle examination. A nervous irritability is frequently noticed in 
children who have been allowed to resume their normal activities too 
soon. 

OUTLINE OF TREATMENT 


The treatment to be advised at this time should still lay emphasis 
on the prevention of fatigue and of deformities This is also the time 
above all others to concentrate on measures to reeducate the muscles, 
and to develop strength whenever response can be obtained. 

All parents are anxious to get the child to sit up and be on his feet 
as quickly as possible. It is difiicult to explain to them that sitting 
up and walking are the worst things that the child can be allowed to 
do, if his muscles are not strong enough to hold his body in the normal 
position. This is because faulty position puts the weakened muscles 
on the stretch, and they become fatigued from trying to work under 
a disadvantage Stretching and fatigue make it more difficult for them 
to regain their strength, and their chance of recovery is definitely 
lessened. Habitual weight bearing in a deformed position results in a 
permanent deformity. Even though the muscles may gradually become 
somewhat stronger, displaced bones and stretched ligaments do not 
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return to normal, and hyperextended Icnces^ scoliosis and foot deform- 
ities do not disappear. 

If the legs are not involved, there is no reason why a patient should 
not be allowed to walk when the sensitive stage is over, provided that 
the trunk is properly supported if it is \veak and the arms are he a 
in abduction if the deltoids arc weak. ^ 

If there is even slight weakness of the legs, weight bearing and waJ - 
ing should be forbidden at this time. ^ 

It has been my routine to forbid walking and weight bearing in a 
of slight leg involvement, until the muscles have regmned in 
normal power. Even then one must be careful in guarding 
muscle fatigue. Muscles which have been weakened by pohoinye i ^ 
fatigue much more quickly than normal, even though their slreng 
appears normal while undergoing manual tests. . 

If the legs are markedly involved, it has been my jj. 

prevent weight bearing for six or nine months if the 5^ 

tinue to show improvement under treatment, in order that t ® J 
may not be checked by over-use. During this period, muscle r 
ery should be aided by dally massage to improve 
carefully carried out muscle training to strengthen the 
muscles. If walking is not permitted, this treatment should oe 
tended to include a normal leg in order to keep up its muse e ■ 
When the circulation is badly affected, it is well to %-v 

form of heat before the massage. Stimulation by 
form at the present time has no place in the treatment of mian^ 
paralysis, to my mind. 

Cases ^vith considerable involvement of the legs should conm 
to wear the posterior ^vire splints applied during the earlier s 6 
It IS important, however, that these splints should be removed i 
a day, and that as much motion as is possible without pam ® . 
be earned out in all the joints. Great care should be used m AeiJ b 
the knee if the quadriceps has become tight from too ..g 
mobilization on the splint, as it is not uncommon to 
trauma of the muscle when (00 much force is used. , ^ 

Operative measures are not indicated at this time. It is not alw y 
necessary to wait two years before proceeding with operative 
nres, as the tradition has been handed down, but it is my b ^ 
that we should wait at least a year before doing transplantations 
or other operations in an attempt to reestablish muscle 
the end of a year, a surgeon who has watched a case from j 
beginning will know fairly definitely how much more Progress ^ 
hkely to be made m regaining power under physical therapy 
ment. In the ^se of rnarked contractures which have occurred 
lack of early ^re radical treatment should be instituted at any 
before the end of a year if splints and manual stretching are 
inadequate to overcome the deformities. No marked deformib®^ 
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should ever occur in cases of poliomyelitis if efficient treatment has 
been advised and carried out from the start. 

It is inexcusable to allow a case to go without receiving all possible 
benefits from muscle training and the prevention of deformity be- 
cause the surgeon thinks that operative measures will be needed 
in the future. It is impossible to foretell at the start how much 
improvement can be obtained with treatment. Furthermore, the bony 
changes which take place when a deformity is neglected make a 
good end-result less likely. A patient is entitled to his chance of 
regaining as much power as possible under other forms of treatment 
before operative measures are considered. 


The Fourth, or Chronic, Stage 


The exact time when a case becomes chronic does not depend as 
much upon the number of months after the onset of the disease, as 
upon the time when its condition seems to be about stationary. The 
time of spontaneous improvement and of rapid gain under treatment 
is over, and it is obvious which muscles will always be badly weak- 
ened, although some further gain can usually be expected if treatment 
is continued. Deformities from lack of care, or from unequal balance, 
have become fixed, the affected limbs are definitely atrophied, and 
shortening has taken place. 

It may be said that most of the spontaneous recovery will occur 
in three or four weeks. It may also be said that the most rapid gain 
under muscle training will be made in the first nine months to a year, 
as a general rule. 

There are, however, many instances where a muscle does not show 
any particular gain for many months after the onset and later shows 
marked improvement. This is generally due to the fact that the 
muscle was allowed to be on the stretch, as in the case of a deltoid 
when the arm is allowed to hang by the side, or in other instances 
where a muscle is outpulled by its stronger antagonist. Faulty weight 
bearing may also put weakened muscles on the stretch. 


It can be asserted that no weak muscle will come back if it is 
allowed to remain on the stretch, but it is difficult to foretell which 
of these stretched muscles may recover, if given a period of rest 
and reeducation with the strain removed. Certainly they are entitled 
to the chance, for there are numerous instances on record where 
poor muscles have regained good function after months of remain- 
ing at a standstill. One patient, G. S., received no treatment for a 
poor deltoid for ten months after the onset, at which time muscle 
training was started. A platform splint was applied one year after 
the onset. The poor deltoid showed no change during the first pi^ht 
months of treatment, but in the next six months it improved to^ a 
nfe°„t “fer treat- 
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No physician will ever see a case of infantile paralysis for the 
first time without being asked what the outcome is going to be. It 
is a difficult question to answer at the first examination. 

The parents can be told that some power will be regained in those 
muscles which are only weakened, but it is impossible to say just 
how much at this time. No prognosis can be made about the muscles 
which appear to be completely paralyzed, except that about 50 per 
cent of completely paralyzed muscles do regain some power, some 
of them even recovering normal strength if properly treated. 

As to the general outlook for the patient, it is well to keep in mind 
that practically every patient will show some improvement under 
proper treatment, and that it is impossible to tell how much until 
it has been tried. It can always be said that a patient with good 
arms can be made to walk with the help of braces and crutches, 
even if both legs are useless, and many patients with badly weak- 
ened arms and trunk in addition to helpless legs can be taught to 
walk for short distances in apparatus. If serious deformities are pre- 
vented, there should not be more than a few patients out of any 
thousand cases of infantile paralysis who are too badly paralyzed 
to be taught to walk with apparatus. 

A person without experience with large numbers of cases wll do 
well to avoid the mistake of telling a patient that he can never walk 
again, for the probabilities are that the statement is not true and 
the effect is to discourage any effort toward recovery. 

As has been said before, it can be told rather definitely at the end 
of a year what permanent inequality of muscle balance about a 
joint is going to e.xist. So at this time tendon transplantations to 
reestablish an even balance of power about a joint may be con- 
sidered for the improvement of function. Among the most common 
transplantations used in the foot are the following: 

1. Setting the tendon of a peroneal or an anterior tibial muscle 
forward into the dorsum of the foot to strengthen dorsiflexion, in 
cases of equinus. 

2. Setting the tendon of the peroneus longus in the inner side of 
the foot when weakness of the tibial muscles allows strong peroneals 
to hold the foot in valgus 

3. Setting the anterior tibial tendon to the outer side of the foot 
when there is weakness of the peroneals and a tendency to varus 
position on account of greater tibial strength. 

4. Setting the peroneals, posterior tibial and sometimes the long 
toe flexors also directly into the os calcis to give them a stronger 
pull in plantar flexion when the gastrocnemius and soleus weakness 
has allowed a calcaneus to develop. 


There are other combinations used, but no rules can be laid down 
because all transplantation operations must depend on the relative’ 
strength of the different muscle groups affected by the operation 
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to improve the function of the shoulder are of little use if there is no 
power to use the hand or elbow. 

Apparatus 

Apparatus has two purposes in the treatment of infantile paralysis — 
to allow locomotion, and to prevent or correct deformity. 

Provided that a child is making satisfactory gain under muscle 
training, it is our policy to keep him off his feet as long as possible 
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After transplantation the muscle must be reeducated to take on 
its new function and must be protected from fatigue, stretching and 
faulty weight bearing as carefully as any weak muscle. 

The success of the operation depends largely upon a proper esti- 
mate of the strength of the opposing muscle groups. Muscles of less 
than fair powers do not, as a rule, function successfully m a new 
position. On the other hand, the transplantation of a strong musce 
may so weaken the strength of its original group that overcorrec on 
results in the production of a second deformity, the reverse oi 
original one. , , . . 

Various transplantations may also be done at the knee and mp 
improve function, provide greater stability for the joint, or le 
limps. The function of the thumb, hand and elbow may some i 
be improved by transplantations. Those done at the shoulder 
not been particularly successful. _ . . g 

Besides tendon transplantations, bone stabilizations must oe 
in many cases. The object of a stabilization operation is ^ ^ 
motion between certain bones, so that they will be joined , 
in the correct position by bony union. This operation is^ , 
when fixed deformities have occurred on account of ineniciem ? 
treatment which has allowed bony changes to take place an 
articulating relation between bones has been changed. 
operations may then have to be performed to replace the , 
normal position as well as stabilization to hold it in place 
weight bearing. . 

In these cases the after-treatment must be entirely different tro 
that when transplantations alone have been done, because Qf 
mobility in certain directions also prevents the action of . 
muscles. Very often the stronger muscles are utilized by transp ^ 
them at the time of the stabilization so that they can assist in 
action of the remaining joints. ii 

Arthrodesis of the shoulder joint is an operation which 
motion in the joint and unites the humerus with the scapula. « w) 
give the patient better use of his arm provided that the mujcles con 
trolling the scapula are strong and that he already has good fun 
in Us hand and the ability to flex his elbow in at least half supmaM^ 
t which a bony operation should be performed mus 

left to the judgment of the surgeon. Lack of firm union or disturbance 
of growth from injury to the epiphysial centers may follow if done at 
too early an age. 

The question of bone lengthening should be discussed wilt any 
pauent who has more than two inches of shortening in a leg. . , 

The practical value of any operation should be carefully estimated 
before it is advised. The objects should be to correct deformity, W 
improve stability and lessen the amount of apparatus needed, or defi- 
nitely to improve function when other means have failed. OperaW® 
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to improve the function of the shoulder are of little use if there is no 
power to use the hand or elbow. 

Apparatus 

Apparatus has two purposes in the treatment of infantile paralysis — 
to allow locomotion, and to prevent or correct deformity. 

Provided that a child is making satisfactory gain under muscle 
training, it is our policy to keep him off his feet as long as possible 



r,o double ol.per eplM d„p „leh at knee ,„d janke at heel to 

pnvfiit toe drop ® 





Apparatus voiamriil? 31 

even though he may have fair power in his legs. It is not good policy 
to continue this restriction indefinitely on account of the general con- 
dition, however, and most patients with any severe involvement of the 
legs start walking before it is advisable for them to do so wthout 
support. Many other patients in clinic practice cannot be kept off their 
feet even though they would benefit more from the rest if it were 
possible. 

In any case, after six or seven months, it is generally advisable to 
allow getting up on the feet for the effect on the general condition and 
the morale, even though the length of time daily may be restricted. 
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muscle balance exists, weight bearing will cause the 
in a deformed position, will stretch out the weakened ^ 
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lUaces to prevent deformities of the foot may be of tne ca t' 
or of the sole-plate type. 
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For calcaneus or equinus without lateral deformity of the foot, a 
simple caliper may be used with anterior or posterior flanges on the 
shoe socket to prevent dorsiflexion or foot drop as the case may be. 

A sole-plate brace with straps or a leather anklet should be used to 
hold the foot in normal position if any lateral deformity exists. The 
ankle joint may be so constructed that it checks either dorsiflexion or 
foot drop according to the muscle balance. 



A high heel, either of cork inside the shoe or an elevation on the 
shoe itself, helps to take the strain off a weak gastrocnemius. 

Tipping the shoe by an elevation of an eighth-inch to a quarter-inch 
on the inner border of the heel helps to take the strain off the tibial 
muscles and correct pronation; and, if necessary, a leather inner sole 
with a felt pad under the arch can also be used with a caliper brace 
An elevation on the outer border of the heel, or of the sole of the 
shoe, will help to correct a tendency to roll the foot in 
Cases with weak quadriceps usually hyperextend the knee and re 
quire a long brace reaching to the groin with straps at the knee to 
prevent Its flexing when weight is put upon it, and also to prevent its 
being thrown back into hyperextension. A knee joint to all™ greater 
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comfort in sitting may be incorporated if_ the brace is built of flat 
metal, but should be locked in weight bearing. 

The lower end of the brace may have a foot plate or be of the calioer 
type, as required. , 

Cases with weak abdominal muscles should have a stout, well-nttinr 
corset made before they arc allowed to sit up. Weak trunk muscles 
allow the body to tip to the side, with danger of causing a scoliosis. 
The corset is also an aid in getting the balance on starting to wa • as 
well as an agent to prevent deformity. 
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In cases of severe weakness of the neck muscles, a collar should be 
worn to keep the head in the normal position. 

Weakness of the deltoid muscle of the shoulder should be supported 
in abduction by a platform or aeroplane splint. If the arm is allowed 
to hang at the side, this muscle will become stretched from the drag of 
the arm. A sling is not as beneficial, because it favors the development 
of adduction contractures and does not hold the deltoid in the most 
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A hand sXt Thanw ir/ 

tie^muscles at the wrilt t fo fhehand “““ 

^th the necessary to have the ability to grasp 

and the thulb l '"'h ‘he wrist in some extension, 

splint for a hand ° finger-tips. In buMng a 

the function of nrasn/nZ'/ff-*^ <humb, it is important to remember that 
bone neariv at f things requires a thumb ivith its metacarpal 
'vriting. The snlrn/^oif t the hand in position lot 

band, and at thp c-im”’ adapted (o the muscle balance of the 

a palmar or cock tm ‘^nsideration should be given as to whether 

type of stock brac<» ^ trot be sent to a brace-maker for whatever 
Case should deciri/* ®PP^y* The doctor in charge of the 

then suDervJ?,* « factors must be incorporated in the brace and 
personally to insure its doing the work desired. 

THvsrcAt, Therapy Treatment 

included* in of external heat should be 

jnlantile paralysis physical therapy treatment of any 

Sluggish cjrculation^nrf!lSj^‘^^® muscles are extensively involved, 
monly present, and if fc JJ >i » ^be affected extremities are corn- 
best work when thev ^r^ ^•lown that muscles cannot perform their 
rrUH^ unable to nerfn^^^' ^f^qoenlly happens that very v?eak 
cold, so It is evident th^r ,1 movement whatever when they arc 

P^ft is thnr benefit wiii be received from the musde 
through the warmed first. The increase of the 

1 ''finable *’?'■* resulting from the local appto* 
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bakers holding a number of bulbs ml! be found 
with extensive involvement. The hanging ‘yP.® 
to the desired height above a table, over which is ?P^. 
blanket, and the three or four small children placed inside 
are thoroughly warmed all over in ten w tte 

The writer believes that there is no advantage (,5^1. 

use of medical diathermy as a means of '« 

ment oi infantile paralysis, and there “f® 5 teqnirel 

cases of extensive paralysis on account oi '^8 For hotae use, 
The danger of burns is also greater with 5™“'' ®™d'e"- “ 
hot blankets can be used, if no other form oi bea 

Massage. — ^The physiologic effects oi rnassage jl'm the 

of heat, in that bith increase the blood ^upp S' ^^erdse or 
metabolism. In addition, massage is a form oi Jr . tausdfis 
manipulation of muscles which tends to prevent ad 
•which are not normally active. Massage is ijp cold 

periods of time or with much force in &n . . shorten the 

extremities. The preliminary use of heat ^vjll be mtbout 

time required for massage and to increase the cit uiassage 
fatiguing the muscles. It should ahvays be borne m ^ do« 

in itself does not increase muscle power, and that mas b 
not constitute adequate treatment of weakened poorly or 

The technic of giving massage is also important, 
improperly given, harm rather than benefit will V 5.. 

The pressure should be very light in order not to D 
ened muscle fibers, and the muscle should be raised 1 yj<.V:en the 
rather than flattened do\vn on it. Only enough 
blood circulation is needed, and no benefit occurs uotn 
force. The direction of the pressure should be the same 
venous circulation and should never work against muscles, 
kneading are the two manipulations most helpful for t ® to the 
friction may be employed around contractures m 
defmile stretching of the contracted tendons There of 

of harming atrophied paralyzed muscle fibers by the variou 
percussion intended to stimulate nerves and muscle bper» 
blows. The greatest care should be taken to prevent tiring o 
the atonic muscle fibers by too heavy handling. cont^*' 

manipulation of the tissues, which should leave them exer' 

tion lor the voluntary efforts at movement— the so-called act 
cises — which are necessary to develop strength. in the 

The author personally prefers the Hoffa technic of fbe 

treatment of infantile paralysis, because a point is made ot ^ 
jndiwdual muscle group separately and following the direct 
muscle fibers with the stroke, which is always a continuous r 
pressure from the distal to the proximal end. 
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Muscle Training * 

By muscle training we mean the localized action of certain definite 
muscles or muscle groups — the attempt to exercise and develop certain 
muscles, without at the same time bringing into play other muscles 
whose action is, for some reason, undesirable. The object is a more 
localized action than that involved in the so-called corrective, or 
individual, gymnastics. 

Muscle training is especially useful in the treatment of infantile 
paralysis. Some years ago, patients with W’cakened leg muscles were 
encouraged to be as active as possible, the theory being that exercise 
strengthened the muscles. Exercises were given to bring up the strength 
of the weakened leg, without much thought being given to what par- 
ticular muscles were performing the exercises or what degree of weak- 
ness existed in individual muscles. The fact that fatigue increased the 
weakness in already weakened muscles ivas not considered, nor that 
a patient always tends to perform a movement by using the strong 
muscles rather than the weakened ones. 

Some of the points in the physiology of muscles which have a prac- 
tical bearing on muscle training are as follows: 

Each muscle is made up of many muscle fibers. Action or contrac- 
tion of a muscle makes the individual fibers shorter and thicker, and 
causes a chemical action with resultant waste products. These are 
normally removed by the circulation of the blood, and fresh blood is 
brought back. This is helped by the mechanical pumping action of the 
muscle fibers and joints on the blood vessels. If the circulation is not 
good, there is an accumulation of waste products wth a resulting loss 
of muscle power. Exercises should be given in sufficiently slow rhythm, 
and time enough allowed between counts for recovery of the muscle. 


Dr. Shepherd I. Franz, in his book, “Nervous and Mental Re- 
education,” states that “the complex nervous adjustments are made not 
only at the time a special exercise is taken, but also in the period of 
rest which follows one exercise and which precedes the next exercise.” 
He also insists on the full arc of motion being made each time, in order 
to get the full mechanical effect of the joint action on the circulation. 

The full arc of motion is also desirable in order to establish the 
habit reflex and obtain better coordination of the nerve centers through 
frequent repetition of a normal movement. ° 

Passive movement is useless in restoring muscle power There must 
be attempted voluntary movement until active movement is achieved 
A muscle can perform more rvork when the contraction is started 
from the stretched position than rt the muscle is already partially 

<• Training has been arranged by Miss Tanef R rr- . 

of Phjsicol Therapeutics at (he Childcw,’^ HostAtel Rr.vinn . "v 
indebted for her assistance lo whom I am greatly 
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contracted as movement is started. The muscles develop best Tvben 
they are given all the work they can do without fatigue, 

Beevor, in his lecture on “Aluscular Movements and Their Repre- 
sentation in the Central Nervous System/' states that a muscle may 
take part in two different movements — for instance, the biceps, which 
acts with the supinator brevis as a supinator, and also tahes part uiii 
another group of muscles in flexion of the elbow. He states that it is 
possible that if one of these movements be lost owing to an organic 
lesion of the central nervous system and not the other movement, 
biceps, which takes part in both movements, may be paralyzed 
the one movement and not for the other. 

Whenever free exercises are given in the effort to strength^ 
individual muscle, other muscles arc involuntarily contracted by toe 
patient in the effort to localize the movement.’ Beevor explains 
synergic muscles as follows: 

When a muscle in passing over two or more joints has two or more 
different actions, then if only one of these actions be required, 
muscles are brought into the movement whose actions are ^ntagoni? J 
to those of the muscles which are not required. The muscles 
are brought into action to neutralize an action which is not reqm 
are called synergic muscles. Example: wrist flexors come intosy^ 
action to prevent extension of wrist when extension of Angers 3‘one 
required. The antagonists are the finger flexors which relax dunng 
movement of finger extension. 


The general purposes of muscle training in poliomyelitis are. 

I. To maintain and improve the circulation and nutrition. 

and prevent degeneration and J [ P, ^ 
® from disuse or from joint adhesions, in cases wh 
motor nerve supply u partially or temporarily interrupted. 
imnnirM tone in muscles whose nerve supply has bee 

A Tn rft- period of recumbency or disuse. . , , 

tion of remaining nerve centers where partial de 

habit-whL ""‘"’ling a part has occurred-re*at.o J 

which are «;fiii same time developing the fibers of the 
Tho fafe "ormally, iLs increasing the strength 

5. To develop coordination and control, 

bright om”th]'Led?or^«7'"® Termont, in ^ 

muscles and analyrtae examination of 

work was done b/ mi w r ‘5“ UJps'as*' 

ant. In 1916, thekw y'X' Robert W. 

were niso treated under ri Ma^chusetts victims ‘■’“Cict 

from the experienced supervision by methods les 
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The routine of examining and grading muscle strength and the 
positions used in giving exercises to the different muscles according to 
the amount of power found upon examination will be described accord- 
ing to the system in use in the Harvard Infantile Paralysis Commission 
Clinic at the Children’s Hospital, Boston. The method is based upon 
the work of Dr. Lovetl and Miss Wright, as described in “The Treat- 
ment of Infantile Paralysis’* by R. W. Lovett. 

It seems almost unnecessary to state that some system of grading 
muscle power is necessary in order to follow the progress of the 
different muscles under treatment. Since we are working for the 
restoration of function, it seems most natural to grade the strength of 
muscles according to their functional ability. Then when we have 
clearly charted the relative functional strength of the different muscle 
groups, it is an easy matter to pick out the exercise positions best 
suited to the amount of power found. No one would attempt to 
strengthen a child with normal muscles by asking him to perform 
some stunt entirely beyond his strength, yet it is not uncommon to see 
infantile paralysis patients being urged to perform some exercise which 
is equally impossible for the partly paralyzed muscles. This may have 
very serious results for several reasons. In the cases of muscles so 
badly paralyzed that they can only start the movement, it often hap- 
pens that after they have become fatigued by a number of efforts, 
they can no longer even start the movement, and this loss of their 
previous ability may persist for several days. There have been instances 
where returning power in the toes has been so damaged by over-use 
that it has been lost permanently. 

In other cases we see too hard an exercise position chosen, which 
causes an attempt to reach the desired position by rotating the limb 
and substituting stronger muscles. This does not strengthen the muscles 
for which the exercise was intended. 

Frequently, the relative strength of opposing muscle groups is dis- 
regarded, and we hear such remarks as, “No, he can’t push it down 
much, but he pulls it up fine, so I let him do that, and then I put it 
down for him.” In other words, an exercise intended for the extensors 
has become an active exercise for the stronger flexor group and only 
passive motion for the extensors. In this way the unequal balance of 
power about the point tends to become still more unequal as the 
stronger flexors increase in power under exercise and the extensors 
are neglected, and the danger of producing a deformity due to unequal 
pull becomes steadily greater. 

The general rules for muscle training are: 

1. Avoid overfatiguing a muscle by overtreatment, by performing 

a movement rapidly or too many times. “ 

2. Make each movement a wluntary active one performed by the 
patient in response to a stimulus. If no power is present the patient 
should attempt the motion with concentration while the operator 
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carries out the motion “with help.” The patient should be instnicted 
not to return the part to the starting position, but to relax after-each 
effort and allow the operator to do the return movement passively. 

3. See that the full arc of the motion is obtained each time. li 
necessary, help should be given in completing the arc, being careful to 
allow no pause at the point where the patient’s' strength gives out. 

4. Localize the exercise by fixing the adjoining parts of the body so 
they will not take part in the movement. This is both to insure 
mum concentration and effort in the desired action, and also to preven 
substitution of other muscles. It is better to give one moveinent at a 
time than a combined movement of two parts at the same time, an 
if it is desired to give both flexion and extension exercises to 
joint, it is better to give them as two exercises with a rest 
rather than have the patient attempt to exert his maxinium e 
during both parts of the exercises. Passive replacement of the p 
gives a chance for recovery before the next effort. 

5. Give resistance, to develop strength wherever possible. It ® . 
not be given until the muscle is able to complete the arc 0 *”.jL 
unaided, and if given, it should always be a little less than , 
would stop the movement or make it jerky, and should be gr 

to leverage throughout. . . U 

^ 6. Radiant heat \vith massage is desirable before the irca , 
given, to start the circulation and make the muscle give ^ 
response. ^ . 

7 - Ordinarily tieatment is given once a day, six days a wee • 
best to have each exercise done twice, at first, gradually g 

number until it can be done ten times without fatigue. The wao 
treatment, including the massage, takes from twenty 
hour, depending upon the extent of the paralysis. It is preiera 
whenever possible to have two short exercise periods a day rath 
one long treatment. . 

'It apparatus is removed, care should be taken n 

to a|iow the part to hang, and no stretch or strain should be a 
on the muscles which are being kept shortened in the splint- 

9. Always have the part which is being exercised uncovered, 
entire rl he alooc with the patient in order to secur 

entire concentration. 

nnTinmv — ""*®nle training is an exact knowledge 

anatomy, the origins, insertions and actions This is necessary m <>™ 
ened rd"whl^* weakened, kow they may be stren^h 

““y be trruned to take the place el th' 

The first preliminary to muscle training is an examination to det«- 
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Our standard classification for grades of power is: 

Gone — no contraction felt. 

Trace — muscle can be felt to tighten, but can not produce movement. 

Poor — produces movement with gra\-ity eliminated, but cannot 
function against gravity. 

Fair — can raise part against gravity. 

Good — can raise part against outside resistance as well as against 
graxnty. 

Normal — can overcome a greater amount of resistance than a “good” 
muscle. 


The second preliminarj’ to muscle training is an intelligent decision 
regarding which muscle groups are to be strengthened. This is deter- 
mined by: 

(a) The presence of deformity or permanent contracture of the 
muscles. It is obviously unwise to stren^hen muscles that are causing 
deformity or that are already contracted. 

(b) The likelihood of causing deformity. In the presence of unequal 
balance of power about a joint, it is unwise to strengthen a muscle 
which already overbalances its opponent if this is likely to cause 
deformity. 

(c) The relative importance of weakened muscles in regard to useful 
function of the limb, walking, correction of a limp, etc. The danger of 
fatigue from too many exercises should be borne in mind. 

The third preliminary to muscle training is a knowledge of the type 
of exercise best suited to the amount of power remaining in the muscle 
to be developed. 

There are three genera! types of exercises: 

a. Those against gravity. 

b. With grav-ity eliminated or neutralized. 

c. With help of gravity. 

There are three methods of giving an active or voluntary exercise; 

a. With assistance. 

b. Unaided or free. 

c. Against resistance. 


Tjye a, exercises against gravity, are suitable for fair and good 
muscles, ® 


Tjpe 6 exercises, with ^avily eliminated or neutralized, are suitable 
for poor muscles and may be given in any one of the three ways named 

s;renX“n:dr"'''''’ " 
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effort Starting position, but to relax after, each 

c ^ operator to do the return movement passively, 

noic 1 full arc of the motion is obtained each time. If 

^ should be given in completing the arc, being cardul to 
o pause at the point where the patient’s' strength gives out. 
f^e r ?3 exercise by fixing the adjoining parts of the body so 

y wi 1 not take part in the movement. This is both to insure man- 
Cl effort in the desired action, and also to prevent 

rim^ other muscles. It is better to give one movement ala 

if combined movement of two parts at the same time; and 

u flexion and extension exercises to the same 

as two exercises with a rest between 
Wiirin^ u patient attempt to exert his maximum effort 

oiSrec ^ u ” exercises. Passive replacement of the part 

gives a chance for recovery before the next effort. 

Tint h*. ^ resistance, to develop strength wherever possible. It should 
muscle is able to complete the arc of motion 
wnulrf c;«« l^^ always be a little less than tbat^rhich 

to leverage /hro^ho^^^^^ ”iake it jerky, and should be graduat?d 

given^tn* c?irf niassage is desirable before the treatmpt is 

response. circulation and make the muscle pve a better 

bes^t to hivp ‘® S*ven once a day, six days a week. It is 

number unti] gradually iiicreasing 

treatment ^ without fatigue. The whole 

hour, denendrn'l^ ® massage, lakes from twenty minutes to an 
whenever r?o5silflA^#^°^ extent of the paralysis. It is preferable 
one long treatment ^ short exercise periods a day rather tba 

to allow '® removed, care should be taken not 

on the muscles wh?r», iio stretch or strain should be allowe 

9 - Always have shortened in the splint. 

* 0 . If possible be ?r!!l exercised uncovered, 

entire concentration. ^ patient in order to secure his 

^1'V.ji P...... 1 .« 

exact knowledge of 
This is necessary in 0™ 

, lOw they may be strength 

weakened ones. may be trained to take the place of 

The first prelimjnarv tn 

mine the e«cl amounrof™"*'® ‘raining is an examination to deter 

tor this, it is necessari* in >,_*^®^®t'iigin the different muscle group ^ 

for obtaining response and ? knowledge of the easiest posrtioO’ 
aerjon from very weak muscles. 
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Our standard classification for grades of power is: 

Gone — no contraction felt. 

Trace — muscle can be felt to tighten, but can not produce movement. 

Poor — produces movement with gravity eliminated, but cannot 
function against graxity. 

Fair — can raise part against gravity. 

Good — can raise part against outside resistance as well as against 
gravity. 

Normal — can overcome a greater amount of resistance than a “good” 
muscle. 


The second preliminary to muscle training is an intelligent decision 
regarding which muscle groups are to be strengthened. This is deter- 
mined by: 

(a) The presence of deformity or permanent contracture of the 
muscles. It is obviously unwise to strengthen muscles that are causing 
deformity or that are already contracted. 

(b) The likelihood of causing deformity. In the presence of unequal 
balance of power about a joint, it is unwise to strengthen a muscle 
which already overbalances its opponent if this is likely to cause 
deformity. 

(c) The relative importance of weakened muscles in regard to useful 
function of the limb, walking, correction of a limp, etc. The danger of 
fatigue from too many exercises should be borne in mind. 

The third preliminary to muscle training is a knowledge of the type 
of exercise best suited to the amount of power remaining in the muscle 
to be developed. 

There are three general types of exercises: 

a. Those against gravity. 

b. With gravity eliminated or neutralized. 

c. With help of graxity. 

There are three methods of giving an active or voluntar>' exerdse: 

a. With assistance. 

b. Unaided or free. 

c. Against resistance. 


, exercises against gravity, are suitable for fair and -cc 


Type c 
muscles. 

Type b exercises, with gravity eliminated or neutralized ... -ds-- 
tor poor muscles and may be given in any one of the “'“^5 

i.e, with assistance. unaided%r against resishee * 
sirength of the muscle. resistance, accon&g: tn fe 
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Type c, exercises with the help of gravity, must be given against 
fficient resistance to equal or support the weight of the limb; other- 
ise the part either will drop without the desired muscle action, or 
! lowered by the opposite group. , 

In examining to establish a grade, it is first necessary to 
hether the movement can be performed in a certain 
;xt, whether the muscles can also overcome resistance wni e p 
g the movement. The determination of whether the s re gr 
mod” or “normal” can best be told by having the P^hen 
sition while the examiner pulls until the muscles yield ... 
inciple used in the spring-balance muscle test as original y 
Lovett and Martin. Considerable experience with , -j 

t ages is necessary to make this difierentiation ® ^ aa 

rmal accurate, but the presence of some normal muscles i 
'sistance in making the decision. , 

In giving exercises, it is not advisable to make a -e 

e patients hold the positions until their strength is 
xamining, for this is fatiguing. It is better to have the P ^ 

e movement against a graduated resistance, which 
reat enough to prevent the movement from being camea 
moothly. j .t, t- 

In the following description, it is to be taken for granted itia • 

(a) Help is given to finish the movement whenever the muscles at 

unable to do so; . -foTnied 

(b) The pan is to be guided so that the movement is per 

correctly; . . r.gf 

(c) The instructor replaces the part in the starting position a 

each effort; - 

(d) Resistance is to be given whenever the muscles are 
enough to overcome it. 

Since the positions used in examining muscles to 
strength are often the same as the positions used for giving exettvj^ 
to those muscles, the description of both will be given under the 
,ng of the movement performed. The muscles which are in a posin« 
to help with the movement are listed under each heading. 

Hip Extcnsion.-Gluteus maximus. Gluteus medius and minimus. 
Hamstrings. Adductor magnus. 

EX^UtlNATION. — 

I. Prone lying. 

'» ^=1= 'he leg from the uMe 
''8 in line with the body. 0“°” j 
NosMAt. mnsdre—shouW be able to do this against dn'™'” f 
pressure given by the examiner, and should hold the raised p® 

wTn IS enThfr^!;'^ ivron ^e thigh nbove the 

bnte to lessen the participation of the hamstring muscles 
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2. Affected side lying, wth the knee drawn up to the chest. Poor 
muscles — should be able to perform at least part of the movement 
of pushing the thigh down and back into extension, and may be 
able to complete the movement even against some resistance, but 
cannot raise the leg against gravity in the prone position. 

Exercises. — For good or fair muscles. 

1. Prone lying, patient raises leg in air with straight knee. 

2. Prone lying with the legs hanging over the edge of the table, 
patient raises leg to horizontal. (This position wll lessen the 
amount of movement occurring in the lumbar spine.) 

For poor muscles. 

3. Affected side lying with the underneath knee dra\vn up to the 
chest, patient pushes the thigh down and back into extension. 

4. Patient lying on his back with the leg supported in the vertical 
position — pushes his leg down to the table against the resistance 
of the instructor’s supporting hands. The knee should be kept 
straight throughout to eliminate effort at knee extension. 

5. Opposite side lying with the affected leg supported in the instruc- 
tor’s hands — same exercise as in No. 3, 

Hip Flexion.* — Psoas major and iliacus. Rectus femoris. Sartorius. 
Adductors longus and brevis. Pectineus. Gracilis. Obturator 
externus. 


Examination. — 

1. Sitting erect on edge of table, legs hanging 

Fair muscles — should raise the knee to the chest. 

Good or noraial muscles — should do this against a good deal of 
doumward pressure. A tendency for the thigh to flex or hold in 
outward rotation signifies greater strength in the sartorius than 
in the other muscles concerned- 

2. Affected side lying. 

Poor muscles — should be able to perform at least part of the 
movement of drawing the thigh up to the body. 


Exercises. — For good or pair muscles. 

1. Sitting erect on edge of table — patient raises the knee to the 
body, without tipping the body back or rotating the thigh. 

2. Lying on the back— patient brings the knee up to the body. 

For POOR muscles. 

Affected side lying, patient draivs the knee of the underneath les 
up to the body. ® 

Prone lying mlh legs off the end of the table-the leg is grasped 
at the ankle and raised to horizontal— patient then pulls the knee 
down and under the table, gravity helping. ^ 

* Hip fleMon COT. .hould not be given if any hip flexion contraction exists. 


3. 
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Type c, exercises with the help of gravity, must be given against 
ifficient resistance to equal or support the weight of the limb; ether- 
ise the part either will drop without the desired muscle action, or will 
lowered by the opposite group. 

In examining to establish a grade, it is first necessary^ to know 
hether the movement can be performed in a certain position, and 
ixt, whether the muscles can also overcome resistance while perform- 
g the movement. The determination of whether the stren^h is 
■^ood" or “normal” can best be told by having the patient hold the 
osition while the examiner pulls until the muscles yield — the same 
rinciple used in the spring-balance muscle test as originally 
V Lovett and Martin. Considerable experience wth patients oi 
It ages is necessary to make this differentiation between good an 
ormal accurate, but the presence of some normal muscles is often an 
sslstance in making the decision. . x t, • p 

In giving exercises, it is not advisable to make a practice of having 
le patients hold the positions until their strength is overcome, as m 
xamining, for this is fatiguing. It is better to have the muscles per* 
he movement against a graduated resistance, which should never 
real enough to prevent the movement from being carried Ihroug 
moothly. 

In the following description, it is to be taken for granted that. 

(a) Help is given to finish the movement whenever the muscles are 

unable to do so; . 

(b) The part is to be guided so that the movement is performed 
correctly; 

(c) The instructor replaces the part in the starting position after 
each effort; 

(d) Resistance is to be given whenever the muscles are strong 
enough to overcome it. 


.. Pf itions used in examining muscles to determine their 

often the same as the positions used for giving exer 

tfoscription of both will be given under the head 
tn\e1n P«formed, The muscles which are in a posih» 

to help tvith the movement are listed under each heading. 


“nximus. Gluteus medius and mininws- 
Hamstrings. Adductor magnus. 

Examination. — 


. Prone lying. 

be able to raise the leg from the table >vith 
SonVAL rruKli^l'’n® ''8 ‘he body. Goon « 

nrr^mc Sve^ do ‘hin against downw™ 

lioT^iM ““tf skottW hnW raised poa 

* 'patron of the hamstring muscles 
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2. Affected side lying, wth the knee drawn up to the chest. Poor 
muscles— should be able to perform at least part of the movement 
of pushing the thigh dowm and back into extension, and may be 
able to complete the movement even against some resistance, but 
cannot raise the leg against gravity in the prone position. 

Exercises. — For good or fair muscles. 

1. Prone lying, patient raises leg in air wth straight knee. 

2. Prone lying wth the legs hanging over the edge of the table, 
patient raises leg to horizontal. (This position >vill lessen the 
amount of movement occurring in the lumbar spine.) 

For POOR muscles. 

3. Affected side lying with the underneath knee drawn up to the 
chest, patient pushes the thigh down and back into extension. 

4. Patient lying on his back with the leg supported in the vertical 
position — pushes his leg down to the table against the resistance 
of the instructor's supporting hands. The knee should be kept 
straight throughout to eliminate effort at knee extension. 

5. Opposite side lying with the affected leg supported in the instruc- 
tor’s hands — same exercise as in No. 3. 


Hip Flexion.* — Psoas major and tliacus. Rectus femoris. Sartorius. 
Adductors longus and brevis. Pectineus. Gracilis. Obturator 
externus. 


Examination. — 

1. Sitting erect on edge of table, legs hanging. 

Fair muscles — should raise the knee to the chest. 

Good or normal muscles— should do this against a good deal of 
downward pressure. A tendency for the thigh to flex or hold in 
outward rotation signifies greater strength in the sartorius than 
in the other muscles concerned. 

2. Affected side lying. 

Poor muscles — should be able to perform at feast part of the 
movement of drawng the thigh up to the body. 


Exercises. — For good or fair muscles. 

1. Sitting erect on edge of table — patient raises the knee to the 
body, without tipping the body back or rotating the thigh. 

2. Lying on the back— patient brings the knee up to the body. 

For POOR muscles. 

3. Affected side lying, patient draws the knee of the underneath lee 

up to the body ® 

4. Prone lying mth legs off the end of the table— the leg is grasned 

at the ankle and raised to horizontal-patient then pulls the knee 
down and under the table, gravity helping. ^ 

• II, p anon owrdsc, siould bo g!„n it any bip n„io„ contraction edsts. 
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5. Opposite side lying, with the affected leg supported in the in- 
structor’s hands — same exercise as in No, 3. 

duction. — Gluteus medius and minimus. Gluteus maximus, upper 
fibers. Sartorius, and the small outward rotators of the hip, \shen 
the hip is flexed. Tensor fasciae femoris. 

Examination. — 

I . Lying on the opposite side. 

F AIR abductors should raise the upper leg in the air through the 
normal range of abduction. 



Fic 33 — Guiding hip abduction 


should do SO against downward pressure. 

S W 1 fenioris is obtained better f 

RlutcM [ '.rf is more Pur^ 

leg tensor fasciae femoris can bol'l 

to finish the About a horizontal level but is no 

auction -‘-out fair power tn 


the 


peuas held. 

able to move the leg out to the side. 
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Exercises. — For good or fair muscles. 

1. Lying on the opposite side of the body, patient raises the upper 
leg in abduction. 

For POOR muscles. 

2. Lying on the back, pelvis held, patient moves the leg out to the 
side, without rotation of the leg or flexion of the knee. Powder 
may be used to lessen friction, or the leg may be supported in 
the instructor’s hands. 

3. Prone lying — same exercise This position requires more effort 
from the gluteal muscles and less from the flexor abductors. 

4. Sitting — abduction of the thigh, particularly suitable for the 
flexor abductors. 

Flexion abduction exercises should not be given if any contrac- 
tion of the tensor fasciae femorls exists. 


TEST FOR CONTRACTURE OF TENSOR FASCIAE FEMORIS 

Patient prone lying, with legs hanging over the table edge. Exam- 
iner holds pelvis down with one hand and, with the other hand 
under the knee, grasps leg and raises the thigh in line with the 
body, until horizontal, and then adducts ft. This position brings 
out a beginning contracture more clearly than when movement in 
the lumbar spine is allowed to take place. 

Adduction. — Adductor longus. Adductor magnus. Adductor brevis. 
Gracilis. Quadratus femoris. L.ower fibers of gluteus maximus. 
Pectineus. 


Exaxiination. — 

1. Lying on affected side, with other leg held up by examiner in 
position of abduction. 

Fair muscles should raise the under leg several inches from the 
table 

2. Lying on the back, with the leg out in abduction 

P“ ’ - ’ 1 ’ • ’ . • 

° 'Strings, 

tr.^ oiiuuiLi iiwi. i/i. aiiuwcu 10 luiaie outward, and the 
adductor tendon should be felt. 


Exercises. — For good or fair muscles. 

1. Lying on the affected side, patient raises the affected teg from the 
table, knee straight. 

For POOR muscles 

2. Lying on the back with the leg out in abduction, patient draws 
the leg m to the other leg, keeping the foot pointing straight in 

3 Lying on the opposite side, with the affected leg supported in the 
a,r ,n abduct, on, patient pulls the leg down, grfvily asSting 
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S. Opposite side lying, with the affected leg supported in the in- 
structor’s hands — same exercise as in No. 3. 

Abduction. — Gluteus medius and minimus. Gluteus maximus, upper 
fibers. Sartorius, and the small outward rotators of the hip, when 
the hip is flexed. Tensor fasciae femoris. 

Examination. — 

I . Lying on the opposite side. 

Fair abductors should raise the upper leg in the air through the 
normal range of abduction. 



' 33 — Guiding hip abduction 


should do so against downward pressure. . 
t}t<> 1#..T Jo tensor fasciae femoris is obtained 


the leTfc’r^V "'J f^ciae femoris is obtained net a 

riute-j? ?f fh ? ^".some flexion, while the action is more pure)/ 
fSght " ^ ^th the body, and the knee 

tensor fasciae femoris can S 
to f n ' hZ ^ horizontal level but is no aW 


s j t'fn^ .L . mmimu 

roo6 musclos shouW be aMe to mo^e'fte leg out to the side. 
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4. Sitting on the edge of the table with the thigh in abduction, 
patient draws the thigh into the other leg. 


INTERNAL AND EXTERNAL ROTATION OF THE THIGH 


There is considerable divergence of opinion among authorities 
as to the muscles taking part in these movements, and examina- 
tion is generally unsatisfactory. This is because the small muscles, 
such as the gemelli, cannot be seen or felt to function, and the 
other muscles can be more accurately tested in their other inac- 
tions. Furthermore, it is not uncommon to find a patient walking 
with his leg in external rotation, in spite of the fact that his 
strength in internal rotation is apparently greater when he is 
off his feet. Since the small hip-outward rotators are geneialiy 
supposed to abduct the thigh, when the hip is flexed, Md to 
rotate it out, when the thigh is extended, some idea of tan/ 
strength can be obtained by trying outward rotation in both posi- 
tions of the thigh. 


Posterior fibers of gluteus medius and iru'nrmcts 
Lower fibers of gluteus maximus 
Iliopsoas 


External Rotation.— 

Sartorius 
Pectineus 
Adductor longus 
Adductor brevis 
Adductor magnus 
Biceps 
Pyriformis 
Gemelli 

Quadratus femoris 
Obturator externus 
and internus J 

Examination and Exebcise— 

’‘’T'' hanging. 

other 'aisc the Inwer leg across in front 

a. 

oon muscles should roll the whole leg outward. 

Md Anterior fibers o( 


j-when thigh is in extension 


of the 


ExAJtrNATION AND ExERasE.- 


^XERCTSE.— 

lower *nn«r fegs hanging, patient shonW ra^ 
knees together. '*^8 wb''' keepmS 

a. Lgng on the back. pa,fe„t ftoni th^ 
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EXTENSION 

Knee. — Quadriceps. 

Examination. — 

1. For normal strength in a child. Squatting in deep knee-bend 
position with all the weight on one leg, patient comes to the erect 
position by straightening the bent knee. Patient’s other leg and 
hands may be steadied by the examiner. This test is not suitable 
for adults or markedly overweight children, and gastrocnemius 
and gluteus maximus strength are also required in order to attain 
the erect position. 

2. Sitting on edge of table, legs hanging. 

Fair muscles should raise the lower leg to horizontal, \vithout 
thigh rotation. 

Good muscles should do this against downward pressure. It is 
dUficult to decide whether this muscle is normal, because sufficient 
force may be exerted against older children to raise the patient’s 
body from the table, wthout causing the knee to bend, and yet a 
history may be given of weakness shown in normal or athletic 
activities. 

3. Affected side lying, with the thigh held firmly in slight extension 
by the examiner, knee flexed, 

Poor muscles should be able to perform at least part of the move- 
ment of straightening the knee, and may be able to perform it 
against some resistance, but cannot extend it in the sitting posi- 
tion against gravity. 

Exercises. — F or good or fair muscles. 

I- Sitting on edge of table, patient raises lower leg to horizontal. 

2. Lying on back with lower leg hanging over edge of table, patient 
raises lower leg to horizontal. (The additional tension placed on 
the rectus femoris in this position makes the exercise slightly 
easier than in the sitting position.) 

3- Lying on back, raising the kg in the air with straight knee is 
more properly a hip flexion exercise. 

For POOR muscles. 

4. Affected side lying, same position as in examination No. 3. The 
exercise is made easier by bolding the thigh firmly back in exten- 
sion, or somewhat harder if the thigh is held in some flexion, 
during the movement of knee extension. The greater tension of 
the rectus femoris in the first position makes it easier to start 
the movement than when the muscle is relaxed by hip flexion. 

5- Lying on the back, “setting” the muscle by attempting to pull on 
the patella without moving the leg. 

6- Prone lying, ivith the knee flexed and lower leg vertical, patient 
extends the knee against resistance given in front of the ankle. 
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4. Sitting on the edge of the table with the thigh in abduction, 
patient draws the thigh into the other leg. 

INTERNAL AND EXTERNAL ROTATION OF THE THIGH 

There is considerable divergence of opinion among authorities 
as to the muscles taking part In these movements, and examina- 
tion is generally unsatisfactory. This is because the small muscles, 
such as the gemelli, cannot be seen or felt to function, and the 
other muscles can be more accurately tested in their other func- 
tions. Furthermore, it is not uncommon to find a patient walking 
with his leg in external rotation, in spite of the fact that his 
strength in internal rotation is apparently greater when he is 
off his feet. Since the small hip-outward rotators are generally 
supposed to abduct the thigh, when the hip is flexed, and to 
rotate it out, when the thigh is extended, some idea of theu 
strength can be obtained by trying outward rotation in both posi- 
tions of the thigh. 

External Rotation, — 

Sartorius Posterior fibers of gluteus medius and minimus 

Pectineus 

Adductor longus Lower fibers of gluteus maximus 

Adductor brevis 

Adductor magnus Iliopsoas 

Biceps 

Pyriformis I 

Gemelli 

Quadratus femoris i-when thigh is in extension 

Obturator externus 
and internus ] 

Examination and Exercise. 

1. Sitting with lower legs hanging. 

Fair muscles should raise the lower leg across in front of the 
other leg while rotating the thigh out. 

2. Lying on the back. 

Poor muscles should roll the whole leg outward. 

Internal Rotation. — Tensor fasciae femoris. Anterior fibers of gluteus 
medius and minimus. 

Examination and Exercise. 

1. Sitting wth knees flexed, lower legs hanging, patient should raise 
lower leg to the side away from the other lea while keeping the 
knees together. 

2. Lying on the back, patient should roll the whole leg in from the 
hip. 
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For POOR muscles. 

2. Affected side lying, thigh of louver leg held firmly, patient bends 
the knee. If the thigh is held forward in flexion, the exercise will 
be easier than if the thigh is held in line with the body. 

3. Lying on back, with the leg held vertical by the instructor, 
patient bends the knee, pulling the lower leg down against the 
resistance of the instructor’s supporting hand — thigh remains 
vertical. 

4. Sitting on the edge of the table with the lower leg supported at 
horizontal, patient bends the knee, pulling the leg do^vn under 
the table. 

Plantar Flexion (bending ankle so that toes point down). — Gastroc- 
nemius and soleus. Peroneus longus and brevis. Flexor digi- 
loium longus. Planlaris. Tibialis posticus. Flexor hallucis longus. 

Exajiination.— 

1. Standing on one foot. 

Normal muscles should raise the body weight on the tiptoes at 
least ten times. 

Good muscles should enable the patient to walk on tiptoes or rise 
on tiptoes less than ten times 

2. Prone lying, foot off the table edge. 

Fair muscles should point the foot up, against considerable 
downward pressure on the ball of the foot. 

3. Affected side lying, knee straight. 

Poor muscles should push the foot down. It is important to watch 
for action of the tendo achilUs, since this is the tendon of the 
strongest plantar flexor, the gastrocnemius. Of the other plantar 
flexors, the long toe fle.xors will act first on the toes before mov- 
ing the ankle, and the peroneals and posterior tibial act first on 
the forefoot Gastrocnemius strength, shown by the pull of the 
tendo achiUis on the heel, is necessary for good plantar-flexion 
function. 

Exercises. — For good muscles. 

1. Standing on one foot, rise on tiptoes or walk on tiptoes. 

For FAIR muscles. 

2. Lying face down, with the knee flexed and the lower leg vertical, 
or with the knee straight and the foot over the edge of the table, 
patient plantar-fle.xes ankle against pressure on the ball of the 
foot. 

For POOR muscles. 

^ sitting, points the foot down against resistance. 

4- Affected side lying, patient points the foot down, being careful to 
use the tendo achillis. 
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Thigh should be held down firmly by the instructor. This exercise 
may be made harder for stronger muscles by .increasing the 
resistance and by starting the movement with the knee completely 
flexed so that gravity must be overcome at first. 



Fio — Exercife for “poor” knee etJensor— thigh fited. 


FLEXION 

Knee. — Biceps. PopJiteus. Sartorius. Gracilis. Semimembranosus. 
Semitendinosus. Gastrocnemius. Plantaris. 

Examination. — 

1. Prone lying. 

Fair muscles should raise the lower leg to vertical. 

Good or normal muscles should do this against downward pres- 
sure on the lower leg. The thigh should be held dowm firmly 
throughout movement. 

2. Poor muscles, affected side lying, with the thigh held firmly in 

front of the body, hip flexed to give greater tension on the ham- 
strmg muscles. Examiner should feel the tendons of both the 
internal and external hamstring muscles during flexion of the 
knee. ® 

Exercises. “"For coon or fair muscles 

I. Prone lying, patient bends the knee, raising the lower leg lo 
verucal. ^ 
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For POOR muscles. 

3. Lying on the back, patient turns the foot in. 

4. Prone lying, with the foot off the end of the table, patient turns 
the foot in. 

Deformity which results from weakness of this group— valgus 
(foot is displaced outward). 

Exercise to be avoided — eversion. 

EVERSION 

Peroneus longus, brevis, tertius Extensor digitorum longus 

Examination and Exercises. — 

I. Sitting or lying, patient turns the foot out. 

The strength of the movement and the amount of resistance over- 
come determine the grading. 

Deformity which results from weakness of this group — varus 
(foot is turned in). 

Exercise to be avoided — Inversion. 

Since these muscles take part in more than one movement of 
the foot or toes, and it is not uncommon for one muscle to be 
weaker than the others of its group, it is customary to estimate 
their strength separately, as well as testing the group as a whole. 

The tibialis anterior is a dorsal flexor of the foot, as well as an 
invertor. Its tendon is the innermost of the three tendons which 
can be seen and felt, across the front of the ankle joint in a 
normal foot. In carrying out the examination positions and exer- 
cises just described, the larger part of the movement n-ill be 
performed by the tibialis anterior if the foot is pulled up at the 
same time that it is being turned in. 

The tendon of the tibialis posterior can be felt just above and 
behind the internal malleolus, and it can be felt to contract more 
strongly if the foot is pointed down as it is being turned in. 

The extensor di^torum longus extends the four lesser toes, but 
its strength is best obtained while carrying out the movement of 
dorsifle-xion, with the foot in slight abduction. 

The extensor hallucis longus extends the great toe, but its 
strength is best obtained in dorsiflexion. Its tendon may some- 
times be confused with that of the tibialis anterior, unless it is 
traced to its insertion on the toe. 

The ^eat toe and the next three toes can sometimes be ex- 
tended, in the absence of the long toe extensors, by the extensor 
digitorum brevis. Inability to identify motion of the tendons of 
the long extensors where they cross the ankle joint, accompanied 
by loss of dorsiflexion power, will justify the examiner in altribut- 
mg extension power in these four toes to the extensor diaitorum 
brevis or to the interossei. 
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Deformity which results from weakness of this group — calcaneus 
— the weight coming heavily on the heel in walking. 

Exercise to be avoided — dorsifiexion. 

Dorsiflexion (bending the ankle up). — ^Tibialis anterior. Extensor 
hallucis longus. Extensor digitorum longus. Peroneus tertius. 

Examination. — 

I. Sitting with lower leg hanging over the edge of the table. 

Fair muscles should bend the ankle up to a right angle, if not 
prevented by a short heel cord. 

Good muscles should do this against downward pressure on the 
top of the foot. (Even strength in the four muscles will result in 
the foot being brought up straight, but in case of unequal 
one side of the foot may be raised higher than the other or nela 
more firmly in that position when resistance is given.) 

3 . Lying on the affected side. 

Poor muscles should bend the ankle up. 

Exercises, — For fair and good muscles. 

1. Sitting on the edge of the table, patient bends the ankle up i 
dorsiflexion. Instructor should guide the foot straight, if it ten 
to turn out or in during the movement. 

For POOR muscles. 

2. Affected side lying, patient bends the ankle up in dorsiflexion. 

3. Back lying, the same exercise. . . 

4. Prone lying, \vith the lower leg held vertical and the foot pointea 
in the air, patient bends the ankle in dorsiflexion, pulling the toes 
down toward the table. 

Deformity resulting from weakness of this group — foot drop. 
Exercise to be avoided — ^plantar flexion. 

INVERSION 

Tibialis anterior Tibialis posterior 

Extensor hallucis longus Flexor hallucis longus 

Examination, — For fair and good muscles. 

(The lower leg should be held to prevent rotation.) , 

1. Lying on affected side, patient lifts the forefoot from the table 
while keeping the heel on the table. 

For POOR muscles. 

2. Sitting on the edge of the table, patient turns the foot in. 
Exf.rcisf-S. — For pair or good muscles. 

1. Lying on aff^ted side, patient lifts the forefoot from the table. 

2. Sitting on the edge of the table, patient turns the foot in against 
resistance. 
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For POOR muscles. 

3. Ljing on the back, patient turns the foot in. 

4. Prone lying, with the foot off the end of the table, patient turns 
the foot in. 

Deformity which results from weakness of this group — valgus 
(foot is displaced outward). 

Exercise to be avoided — eversion, 

EVERSION 

Peroneus longus, brevis, tertius Extensor digitorum longus 

Examination and Exercises. — 

1. Sitting or lying, patient turns the foot out. 

The strength of the movement and the amount of resistance over- 
come determine the grading. 

Deformity which results from weakness of this group — varus 
(foot is turned in). 

Exercise to be avoided — inversion. 

Since these muscles take part in more than one movement of 
the foot or toes, and it is not uncommon for one muscle to be 
weaker than the others of its group, it is customary to estimate 
their strength separately, as well as testing the group as a whole. 

The tibialis anterior is a dorsal fle.xor of the foot, as well as an 
invertor. Its tendon is the innermost of the three tendons which 
can be seen and felt, across the front of the ankle joint in a 
normal foot. In carrying out the examination positions and exer- 
cises just described, the larger part of the movement wll be 
performed by the tibialis anterior If the foot is pulled up at the 
same time that it is being turned in. 

The tendon of the tibialis posterior can be felt just above and 
behind the internal malleolus, and it can be felt to contract more 
strongly if the foot is pointed down as It is being turned in. 

The extensoi ’ . t four lesser toes, but 

its strength is ■ ut the movement of 

dorsiflexion, w 

The extensc • great toe, but its 

strength is best obtained in dorsiflexion. Its tendon may some- 
times be confused with that of the tibialis anterior, unless it is 
traced to its insertion on the toe. 

The great toe and the next three toes can sometimes be ex- 
tended, in the absence of the long toe extensors, by the extensor 
digitorum brevis. Inability to identify motion of the tendons of 
the long extensors where they cross the ankle joint, accompanied 
by loss of dorsiflexion power, will justify the examiner in attribut- 
ing extension power in these four toes to the extensor digitorum 
brevis or to the interossei. 
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Dojormity which results from weakness of this group — calcaneus 
—the weight coming heavily on the heel in walking. 

Exercise to be avoided — dorsiSexion, 


Dorsjfiexion (bending the ankle up). — Tibialis anterior. Extensor 
haUucis longus. Extensor digitorum longus. Peroneus tertius. 

Exajiination. — 

3 . Sitting wih lower leg hanging over the edge of the table. 

Fair muscles should bend the ankle up to a right angle, if not 
prevented by a short heel cord. 

Good muscles should do this against downward pressure on the 
top of the foot. (Even strengUi in the four muscles will result in 
the foot being brought up straight, but in case of unequal power, 
one side of the foot may be raised higher than the other or held 
more firmly in that position when resistance is given.) 

2. Lying on the affected side. 

Poor muscles should bend the ankle up. 


Exercises. — For fair and oood muscles, 

I. Sitting on the edge of the table, patient bends the ankle up in 
dorsinexion. Instructor should guide the foot straight, if it tends 
^ turn out or in during the movement. 

For POOR muscles. 


2 . 

3 * 

4 - 


Affected side lying, patient bends the ankle up in dorsiflexion. 
Back lying, the same exerdse. 

Prone lying, vrith the lower leg held vertical and the foot pointed 
in the air, patient bends the ankle in dorsiflexion, pulling the toes 
down toward the table. 

Veformtty resulting from weakness of this group— foot drop. 
Exercise to be avoided — plantar flexion. 


Tibialis anterior 
Extensor hallucis longus 


Tibialis posterior 
Flexor hallucis longus 


OOOD muscles. 

f . 4 . "T *’'^^** to prevent rotation.) 

nnue Keeping the heel on the table 
For POOR muscles. 

2. Sittinc on the edge of tho table, patient turns the foot in. 
Exercises.— F or pair or good muscles 

J^Stanc^ “''"s Ac foot i" 
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2. Side lying position, vnih hips passively flexed, attempt to bend 
head down to knees. Assistance may be given to lessen friction of 
table by placing the examiner’s hand under the patient’s shoulder. 

3. Back lying, abdominal retraction. Flattening should not be ob- 
tained by elevation of the chest. 



Fig. “Test for ‘'normal” anterior abdominal muscles 


4- Back lying, forcible exhalation of a deep breath, as in attempting 
to blow up a balloon. 

5. Using hip flexors, back lying, flex hips and draw knees up to 
chest, attempting to raise hips from table. 

Lateral Flexion. — Obliquus externus and internus. Quadratus litm- 
borum. Rectus abdominis. Erector spinae. Latissimus dorsi of 
side to which lateral movement takes place. 

Examination — 

1. Lying on the opposite side vith legs and pelvis held down firmly 
by the examiner, the patient raises head and shoulders from the 
table. A fixed scoliosis will make this test of little value. 

2 . Back lying, trunk flexion to side, pelvis held fixed. 

3. Back or prone lying, patient attempts to draw hip tow’ard ribs of 
the same side wthout flexing hip or knee. It is sometimes possible 
to distinguish the difference in strength between the quadratus 
iumborum and the lateral abdominal muscles in this test. 

Exercises.^ — Same as above. 
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FLEXION 


Toes^Flexor hallucis longus — distal phalanx oJ the great toe. Flexor 
digitorum longus — distal phalanges of four lesser toes. Flexor 
hallucis brevis — first phalanx of great toe. Abductor and adductor 
hallucis — first phalanx of great toe. Lumbricales and interossei— 
first phalanges of four lesser toes. Flexor digitorum brevis— 
middle phalanges of four lesser toes. 

Examination and Exercise. — 

I. Sitting or lying, patient curls the toes under, bending all three 
joints to insure action of all the muscles mentioned. The amount 
of strength can be judged by placing a finger across under the 
toes and offering resistance at the different joints. It is not un- 
common to find that the middle and terminal joints can be flexed 
by Ae long flexors, without any bending of the first joints; or 
the first joints may bend without any curling of the ends. 

Trunk.—Rectus abdominis. Quadratus lumborum. Obliquus externus 
and mternus. 


Examination, — 

1. ^ying on back, feet held down, patient raises head and shoulders, 

spine in coming to a silting position. This should be 
possible for a normal child, with the hands on top of his head, 
out may not be possible for an adult of poor general muscular 
tone unless assistance is given. In a child, the anterior abdominal 
muscles may be rated fair if shoulders can be raised from table; 
GOOD if he can come to sitting position \vith arms folded on chest. 

ood anterior neck muscles are required to raise the head in this 
test, and their severe weakness, allowing the head to hang a dead 
w'eigftt, sometimes makes it difficult to judge the strength of 
® ♦ abdominal muscles. The last part of the movement of 
tiiA sitting position is accomplished by flexion of 

-trftnn thighs by the hip flexors. Strong hip flexor 

nAlvfc -in abdominal muscles will result in fle-xing the 

lumbar Spine without trunk raising, or m 
fn position with the lumbar spine first fixed 

2 . Lvin?on spinae muscles. 

feels their firmness abdominal muscles, while examiner 

Exercises.-— 

'■ Ss‘’'4 "’ilh assistance, mlh 

incceLftherfV =>' or on top ot bead, to 

make f™"’ halMying position to 

The head and ,h„r "a onIy“.'''' ’’'P 
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humerus starting from the hanging position is advanced forward, 
flexed, to the horizontal line, and thence it is elevated to the vertical 
position; on the return journey the humerus is depressed through i8o 
degrees to the hanging position, and then it can be carried backward 
“hyperextended.” In the lateral plane, the hanging humerus can be 
abducted to the horizontal line and thence elevated to the vertical 
position, and on the return journey it is adducted through i8o degrees 
to the hanging position. In the horizontal plane, the humerus is hori- 
zontally adducted when it is moved from the lateral plane toward the 
middle line and horizontally abducted when away from the middle 
line to the lateral plane, behind which it is horizontally retracted. 
Besides these movements there is rotation in and out. 

In “flexing” the humerus, the anterior fibers of the deltoid, the 
clavicular fibers of the pectoralis major, the biceps^ and probably the 
coracobrachialis contract and carry the humerus forward nearly to the 
horizontal line. This action of the deltoid tends to rotate the scapula 
with the acromion downward, and to push its inferior angle backward 
and toward the spinal column, but this is prevented by the contraction 
of the acromion (middle) fibers of the trapezius and also the lower 
fibers. The deltoid and other muscles cannot carry the humerus further 
than the horizontal line. Beyond this point the serraius magnus comes 
to their assistance and draws the lower end of the scapula forward, 
raises the acromion with the humerus, and thus the arm is elevated to 
the vertical. 

In a case with paralyzed lower and middle trapezius, and normal 
serratus, on telling the patient to advance the arm slowly, the first 
action on the scapula was to rotate It so that the infetior angle moved 
half an inch toward the vertebral column, and the posterior border of 
the scapula projected like a wing; this projection reached its maximum 
when the humerus w’as advanced through about 45 degrees. Then the 
serratus contracted, and as it drew the lower end of the scapula for- 
ward the deformity dimiriished and finally disappeared. Though the 
serratus is mechanically in the position to fix the scapula and prevent 
its lower angle being pushed backward and rotated toward the spine, 
it is not its function when the movement is one of advancing the 
shoulder to act on the scapula until the humerus has been moved by 
the deltoid through about 45 degrees. The inferior part of the trapezius 
apparently is the proper muscle to fix the scapula in advancing the 
humerus, and when these iiiferior fibers are paralyzed, the serratus 
will not step into the breach and do the work for the trapezius, which 
consequently is not done at aJk 

The above description of advancing the humerus applies equally 
Ji^ovement of “abduction” of the humerus, except that the 
deltoid, and the supraspinatus abduct the humerus, 
and the pectoralis major does not act, but the same condition is met 
ujtn in regard to movements of the scapula and its relation to the 
trapezius and serratus, as in flexing the humerus. 
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EXTENSION 

Erector spinae group 

Examination. — Prone lying, trunk raising. Accompanied by tight- 
ening of hip extensors and trapezius, head raising and scapulae 
adduction. 

Exercises. — • 

1. Prone lying, legs held down, trunk raising. May be done wth 
hands clasped behind back, at hips, at shoulders, or behind neck, 
to increase difficulty. 

2. Side lying, starting from curled-up position, straightening of head 
and trunk. 

3. Sitting with trunk bent forward, patient comes to erect position. 

4. Sitting in erect position, patient lowers trunk forward from hips 
without bending spine, and then returns to erect position. 

N eck. — Sternocleidomastoids. 

Examination,— 

1. Back lying, shoulders held down, head raising from table. These 
muscles acting together should be able to hold the head m the 
raised position against considerable pressure, if normal. ^ 

2. To test them separately, lying on back, patient turns face to right 
side against resistance at point of chin, as test for left muscle. 

Exercises. — 

1 and 2. Same as above. , . . 

3. Lying on back, patient bends head toward shoulder of side it is 
desired to exercise. 

4. Lying on side, patient bends head forward. 

As it is not possible to observe or feel the action of the deeper 
neck muscles, no attempt is made to describe their action. In 
general, whatever function is weak should be given as an exercise. 

The platysma is frequently seen standing out in a broad shee 
when the attempt is made to raise the head with weak 
cleidomastoid muscles. The cervical spine and the head are fixe 
by the extensor muscles, and the attempt is made to raise t ^ 
head by raising the trunk with the abdominal muscles in many 
cases of weakness of the anterior neck muscles. 

Shoulder Movements * 

The movements of the humerus are best described in terms of the 

planes^ corresponding to the three dimensions of space, viz., antero* 

posterior, laterovertical, horizontal. In the anteroposterior plane, m® 

, “Muscubr MovemcDts and Thrir Repre**"'*' 

lion in the Central Ner\ou» S>stem,” by Charles Beevor 
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Extension of Humerus (bringing arm down from flexion). — Pecto- 
ralis major (sternal part). Latissimus. Teres major and minor. 
Infraspinatus. Triceps, long head. Subscapularis (probably). 

Hyperextension (carrying arm back of body). — Latissimus. Teres 
major and minor. Infraspinatus. Deltoid (posterior part). 

Scapula fixed as in adduction. 

Horizontal Adduction of Humerus (starting from position of abduc- 
tion, bringing arm forward at shoulder level). — Pectoralis major 
(both parts). Anterior deltoid. Coracobrachialis. 

Horizontal Abduction of Humerus (carrying arm back at shoulder 
, level). — Posterior and middle deltoid. Latissimus. Teres major 
and minor. Infraspinatus. 

Scapula adducted and fixed by trapezius (middle). 


External Rotation of Humerus. — Teres mino.*. Infraspinatus. Pos- 
terior part of deltoid. 

Internal Rotation, — Pectoralis major. Teres major. Latissimus. Sub- 
scapularis, Anterior portion of deltoid. 


Elevation of Shoulder (shrugging). — Upper part of trapezius. 
Rhomboids, Levator anguli scapulae. 


Depression of Shoulder. — Lower part of trapezius. Pectoralis minor. 
Latissimus dorsi. Subclavius. 


Since each shoulder muscle takes part in several movements, 
it is necessary to know which of these movements is performed 
mainly by the muscle wc desire to test, and often it is necessary 
to know the strength of the assisting muscles, before forming our 
opinion by a process of elimination. Some of the shoulder and arm' 
muscles have to be graded by obserN'ation of the strength of the 
action rather than by gravity tests. 


Trapezius. — May he considered in four parts: 

1. Clavicular! 

2. Acromial 

3- Middle — horizontal fibers 

4- Lower 


It is very difficult to separate the action of the upper two portions, 
unless there Is marked difference in strength. In most cases the 
acromial and clavicular portions may be considered together as the 
upper.” 

Clavicular — extension of head, rotation of head to opposite side, flex- 
ion of head to same side, elevation of shoulder. 
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In paralysis of the trapezius, the inferior angle of the scapula in 
the first part of the movement of abduction moves more tovrard the 
spine and does not project so much backward as in flexing the humerus. 
Normally, in advancing the arm, the scapula hardly moves at all until 
the humerus makes an angle of about 45 degrees, and then the inferior 
angle begins to move outward by the commencing action of the ser- 
ratus, and when the humerus is horizontal, the angle with the scapula 
remains constant, and the eJe\^tion of the humerus to verdcal is 
completed by the serratus. If, however, the deltoid be paralyzed or the 
shoulder be ankylosed, the serratus begins to act at once and the 
scapula moves outward at once. 

Ibe projection or winging of the scapula may be caused by paralysis 
of the trapezius and especially of its lower fibers, as well as by 
paralysis of the serratus. The difference is that the deformity due to 
absence of the trapezius is less than that of the serratus, the scapula 
projecting only one-half to one inch, that the projection reaches its 
maximum when the humerus is advanced through about 45 degrees, 
after which the deformity diminishes and disappears when the humeriB 
is horizontal, and that the humerus can be raised to vertical. With 
serratus paralysis, the deformity increases as the arm is advanced and 
reaches its maximum when the humerus is horizontal, above which 
there is no muscular power to raise it. In serratus paralysis, the scapula 
can be displaced backward by pushing against the advanced arm. 

Flexion (raising arm forward)-—- Anterior deltoid. Coracobrachialis. 
Biceps. Clavicular part of pectoralis major. 

1, During the first part of flexion, the lower, middle, and acromial 
portions of the trapezius contract to fix Che scapula and prev’ent 
its being displaced backward; when the humerus approaches to 
the horizontal line, the serratus magnus rotates the scapula up* 
ward, and the humerus is carried on up to vertical by this rotation. 

2 . Abduction of humerus to horizontal, in laterovertical plane. 
Started by supraspinatus; at 10 or 15 degrees the anterior and 
middle parts of the deltoid begin to act, aided by the long head 
of the biceps. 

Abduction above horizontal line, muscle action is the same as in 
flexion above horizontal. 

Adduction (of humerus to side).— Pectoralis major, sternal and 
clavicular parts. Latissimus dorsi Teres major and minor. 
Infraspinatus. Posterior port of deltoid. Subscapularis (prob- 
ably). 

The scapula is fi.vcd during movement of the arm by rhomboids? 
pectoralis minor, and lower part of trapezius. 
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Extension of Humerus (bringing arm down from flexion). — Pecto- 
ralis major (sternal part). Latissimus. Teres major and minor. 
Infraspinatus Triceps, long head. Subscapularis (probably). 

Hyperextension (carrying arm back of body). — Latissimus. Teres 
major and minor. Infraspinatus. Deltoid (posterior part). 

Scapula fi.xed as in adduction. 

Horizontal Adduction of Humerus (starting from position of abduc- 
tion, bringing arm forward at shoulder level). — Pectoralis major 
(both parts). Anterior deltoid. Coracobrachialis. 

Horizontal Abduction of Humerus (carrying arm back at shoulder 
level). — Posterior and middle deltoid. Latissimus Teres major 
and minor. Infraspinatus. 

Scapula adducted and fixed by trapezius (middle). 

External Rotation of Humerus. — Teres minor. Infraspinatus. Pos- 
terior part of deltoid. 

Internal Rotation. — Pectoralis major Teres major. Latissimus, Sub- 
scapularis. Anterior portion of deltoid. 

Elevation of Shoulder (shrugging). — Upper part of trapezius. 
Rhomboids. Levator anguli scapulae. 

Depression of Shoulder, — Lower part of trapezius. Pectoralis minor. 
Latissimus dorsi, Subclavius. 

Since each shoulder muscle takes part in several movements, 
it is necessary to know which of these movements is performed 
mainly by the muscle we desire to test, and often it is necessary 
to know the strength of the assisting muscles, before forming our 
opinion by a process of elimination. Some of the shoulder and arm- 
muscles have to be graded by observation of the strength of the 
action rather than by gravity tests. 

Trapezius. — May be considered in four parts: 

1. Clavicular \ 

2 . Acromial 

3- Middle — ^horizontal fibers 
4 Lower 

It is very difficult to separate the action of the upper two portions, 
unless there is marked difference in strength In most cases the 
acromial and clavicular portions may be considered together as the 
upper.” 

CfawVwfar— extension of head, rotation of head to opposite side, flex- 
ion of head to same side, elevation of shoulder. ' 
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— rotates acromion process upward, elevates scapula. 
Mtdale — fixes and adducts scapula in horizontal abduction of 
humerus. 

Lower — (a) fixes scapula during flexion or abduction of humerus; 

paralysis is shown by displacement of inferior angle 
of scapula toward vertebrae at the start of these 
movements; also by winging of vertebral border of 
scapula; (b) fixes scapula during adduction or de- 
pression of humerus, acting with rhomboids and pec- 
toralis minor. 

To determine trapezius strength, test head extension, elevation of 
shoulder, scapulae adduction; watch position of inferior angle of 
scapula during abduction of humerus, and watch for contraction of 
the middle and lower fibers during the exercise of trunk raising from 
the prone position, 

Serratus Magnus. — (a) Draws the scapula forward around the chest. 

the scapula upward, bringing the lower angle oul- 


Examination.— 

1. Patient sitting with the arm in abduction at shoulder level. 
GOOD muscle should rotate the scapula so that the arm is raised 
to vertical. (The weight of the arm may be supported by the 
deltoid is. not strong enough to hold it.) 

. Ditting wim the arm at shoulder level, the patient should reach 
lorward. The examiner should steady the patients body wth 
nfu Srasp the outstretched arm above the elbow with the 
I pushing the humerus, try to displace the 

wnFh If the serratus magnus is weak, the scapula 

Will oe displaced so that its vertebral border approaches the spine. 

Exercises.. — 

vertkal*^^ movement of the arm from shoulder level to 

verticq? flexion of the arm from the side 
if the scapula is^nofSed.^ trapezius, 

^ fa>"patient 'vith the arm hanging over the edge of the table, 
b) mf en touch the floor, 

table^above hisLad."^ 


Movement.— Abduction of arm. 
MusctE. Deltoid, anterior portion. 
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Examination.— 

1. Patient sitting, with the scapula held down firmly by the examiner 
to exclude its rotation, with the resultant raising of the humerus. 
Fair muscles should raise the arm to shoulder level at the side. 
To exclude the biceps as much as possible from assisting in the 
movement, the arm should be rmsed with the elbow passively 
flexed, forearm hanging, or with the elbow straight, and the palm 
down. 

Good muscles should raise the arm to the side against doivnward 
pressure given above the elbow. 

2. Patient lying on his back, with the scapula held do\vn by the 
examiner. 

Poor muscles should perform all or part of the movement of 
abduction from the side to shoulder level. 

Exercises. — ^F or fair or good muscles. 

1. Sitting, with the scapula held down, patient raises arm from 
the side to shoulder height. 

2. Lying on the opposite side, patient raises the upper arm to shoul- 
der level. Scapula should be kept from rotating. 

For POOR muscle. 

3. Lying on the back, scapula held, patient moves the arm from 
the side to shoulder level. 

4. Lying on the back, free movement of the arm from the side to 
shoulder level and above to the ear. 

In any movement of abduction of the arm during which the scapula 
is not prevented from rotating, the action will not be localized in the 
deltoid. Instead, the movement will be a combined exercise in which 
the upward rotators of the scapula also take part and do most of the 
work if they are stronger than the deltoid. 

Muscle. — ^Deltoid, posterior portion. Horizontal abduction. 
EXAillNATlON.— 

1. Patient lies face down, with the arm stretched out in abduction 
at the shoulder level. 

Fair muscle should raise the arm from the table. 

Good muscle should raise the arm against resistance. 

Normally, the scapula is adducted toward the spine at the same 
time by the middle portion of the trapezius and the rhomboids. 
If the arm is raised by the posterior deltoid without this adduc- 
tion of the scapula, these muscles are weak. On the other hand 
the scapula adduction may take place when the posterior deltoid 
IS too weak to lift the arm. 

2. Poor muscle should be seen to act when the patient abducts his 
arm from his side to the level of the shoulders. In this position 
the posterior deltoid works to overcome the friction of the table’ 
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Acromial — rotates acromion process upward, elevates scapula. 
Middle — ^fixes and adducts scapula in horisontal abduction of 
humerus. 

Lower — (a) fixes scapula during ftexion or abduction of humerus; 

paralysis is shown by displacement of inferior angle 
of scapula toward vertebrae at the start of these 
movements; also by Nvinging of vertebral border of 
scapula; (b) fixes scapula during adduction or de- 
pression of humerus, acting with rhomboids and pec- 
toralis minor. 

To determine trape2lus strength, test head extension, elevation of 
shoulder, scapulae adduction; watch position of inferior an^e of 
scapula, during abduction of humerus, and watch for contraction of 
the middle and lower fibers during the exercise of trunk raising from 
the prone position. 

Serratus Magnus. — (a) Draws the scapula forward around the chest, 
(b) Rotates the scapula upward, bringing the lower angle out- 
ward. 


Examination. — 

1. Patient sitting with the aim in abduction at shoulder level 
Good muscle should rotate the scapula so that the arm is raisM 
to vertical (The weight of the arm may be supported by th® 
examiner if the deltoid js. not strong enough to hold it.) 

2. Sitting with the arm at shoulder level, the patient should reach 
forward. The examiner should steady the patient's body ^th 
one hand, grasp the outstretched arm above the elbow m’th the 
other hand and, by pushing the humerus, try to displace the 
scapula backward. I! the serratus magnus is weak, the scapula 
wiU be displaced so that its vertebral border approaches the spine. 

Exercises. — 


. Sitting or lying, movement of the arm from shoulder level to 
vertical. 

. Sitting or lying abduction or flexion of the arm from the side 
to vertical will facing in the action of the serratus and trapezius, 
if the scapula is not fixed. 

' dowTi, with the arm banging over the edge of the table. 

i> \ ‘'y ‘•'e floor, 


Movement. — Abduction of arm. 
Muscle.— D eltoid, anterior poition. 
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although the middle portion of the muscle has more to do with 
abducting the arm. 

Exercises. — 

1. Fair or good muscle should perform the same movement used in 
examination position No. i. 

2. Poor muscle should perform the movement used in examination 
position No. 2. 

3. Poor muscle, sitting with the arm stretched out in front of his 
face, resting on a table at the height of his shoulders, patient 
moves the arm back until it is in line with his shoulders at the 
side — horizontal abduction. 

Muscle. — L atissimus dorsi, hyperextension with internal rotation. 
Examin ation . — 

1. Lying face down. 

Fair muscle should raise the arm from the table, keeping it close 
to the side and inwardly rotated. 

Good muscle should perform the above movement against resist- 
ance 

2. Poor muscle should adduct the arm to the side from a starting 
position of abduction at shoulder level. 

Exercises. — 

1. For FAIR and good muscles] The same movement 

as described in 

2. For POOR muscles J the examination. 

Muscle. — Pectoralis major. 

Examination. — 

1. Patient lies on his back, arm out at shoulder level. 

Fair muscle should raise the arm to vertical above the face, in 
movement of horizontal adduction. Both sternal and clavicular 
portions act in this 

Good muscle should perform the above movement against resist- 
ance. 

2. Poop, muscle brings arm to side from shoulder level — adduction 
movement. 

3- Lying or sitting, if the other muscles are strong enough to raise 
the arm forward in flexion, the clavicular part of the pectoralis 
major may be made to stand out by resisting the movement of 
flexion, and the sternal part by resisting the movement of exten- 
sion. 

Exercises. — 

1. For FAIR or good muscle, use movement described in examination. 

2 . For poor muscle, use movement described in examination. 




Fio. 36 Finish of etercUe for “poor” deltoid muscle (anterior half). Notice that the 
scapula is being beld 
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although the middle portion of the muscle has more to do with 
abducting the arm. 

Exercises. — 

1. Fair or coon muscle should perform the same movement used in 
examination position No. r. 

2 . Poor muscle should perform the movement used in examination 
position No. 2. 

3. Poor muscle, sitting with the arm stretched out in front of his 
face, resting on a table at the height of his shoulders, patient 
moves the arm back until it is in line with his shoulders at the 
side — horizontal abduction. 

Muscle. — L atissimus dorsi, hyperextension \vith internal rotation. 
Examination. — 

1. Lying face doiivn 

Fair muscle should raise the arm from the table, keeping it close 
to the side and inwardly rotated. 

Good muscle should perform the above movement against resist- 
ance. 

2. Poor muscle should adduct the arm to the side from a starting 
position of abduction at shoulder level. 

Exercises. — 

1. For FAIR and good musclesi The same movement 

as described in 

2. For POOR muscles J the examination. 

Muscle. — P ectoralis major. 

Examination. — 

T. Patient lies on his back, arm out at shoulder level. 

Fair muscle should raise the arm to vertical above the face, in 
movement of horizontal adduction. Both sternal and clavicular 
portions act in this. 

Good muscle should perform the above movement against resist- 
ance. 

2. Poop, muscle brings arm to side from shoulder level — adduction 
movement. 

3 - Lying or sitting, if the other muscles are strong enough to raise 
the arm forward in flexion, the clavicular part of the pectoralis 
major may be made to stand out by resisting the movement of 
flexion, and the sternal part by resisting the movement of exten- 
sion. 

Exercises. — 

I- For FAIR or good muscle, use movement described in examination 
2. For POOR muscle, use movement described in examination. 
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3. For POOR muscle, sitting with his arm resting on a table at shoul- 
der height, out in position of abduction, patient brings the arm 
forward in horizontal adduction. 


Movement. — Outward rotation. 

Muscles. — Teres minor. Infraspinatus. Deltoid, posterior part. 

Examination. — 

1. Lying face down, with the upper arm out at shoulder level and 
the forearm hanging over the edge of the table, with the elbow 
bent at a right angle. 

Fair muscles should rotate the upper arm outward, thus raising 
the hand and forearm above the level of the table. 

Good muscles can hold the arm in this position against down- 
ward pressure on the forearm. 

2. Lying on the back, with arm at the side. . 

Poor muscles should turn the arm outward at the shoulder, roil- 
ing the elbow back. The elbow must be watched to make sure 
that the upper arm turns as well as the hand and forearm. 

Exercises. — For fair or cood muscles. 

1. Use position described in examination of these muscles. 

2. Sitting with the upper arm and forearm supported at snouion 
level, elbow flexed to a right angle, arm in abduction, palien 
raises forearm, thus performing outward rotation at the shouioe • 
For POOR muscles. 

3. Use position and movement described in examination of poo^ 
muscles. 

4. Lying face down with the whole arm hanging over the edge ^ ® 
table, elbow straight, patient turns the whole arm outward. 


Arm and Hand Movements 
Movement.— Elbow flexion. 

Muscles. — B iceps. Brachialis. Brachioradialis. Pronator teres. 

Flexors of the wrist. Flexor digitorum sublimis. 

EXAillNATION. — 

1. Patient sits with the arm hanging at the side. .. 

Fair muscles should raise the forearm so that the hand touch 
the shoulder. 

G(Wd muscles raise the forearm against resistance. 

2. Patient sits with the whole arm supported on a table, elbo 

straight, hand resting on the fifth fmgcr. , ^ 

Poor muscles bend (he elbow without raising the forearm fro 
the table. 
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The biceps is the strongest flexor and acts with the palm turned 
toward the patient’s face—that is, with the forearm in supination. 
Inability to flex the elbow with the forearm in this position indicates 
weakness of the biceps, and exercises should be directed toward its 
development, since the other elbow flexors cannot make up for its 
loss. 

Exercises. — For fair and coon muscles. 

1. Patient sitting, wth his arm hanging, touches his fingers to his 
shoulder. 

For POOR muscles. 

2. Sitting with the entire arm supported on the table at shoulder 
height, elbow straight, hand resting on the fifth finger, patient 
bends the elbow, drawing the forearm along the table. 

3. Lying on the back with the entire arm supported vertically in 
the air, patient bends the elbow, pulling the hand do%vn toward 
the face with the aid of gravity, against the resistance of the 
examiner’s supporting hand. The upper arm must be held vertical 
by mother throughout. 

Movement. — Elbow extension. 

Muscles. — Triceps, Anconeus. 

Examination. — 

1. Lying on the back, or sitting erect, with the upper arm held 
vertical, the elbow flexed and the forearm hanging. 

Fair muscles should straighten the elbow, raising the forearm to 
vertical. 

Good muscles should raise the forearm in this position against 
some downward pressure from the examiner. 

2. Lying on the back, or sitting, with the entire arm resting flat on 
the table, elbow bent. 

Poor muscles should perform at least part of the movement of 
straightening the elbow. 

Exercises. — For fair and coon muscles. 

1. Patient straightens his elbow in the same position used for grad- 
ing these muscles. 

For POOR muscles 

2. With the arm and forearm resting on a table, patient attempts to 
straighten the bent elbow. 

3 - Silling, hand touching shoulder, patient pushes his forearm dmvn. 
Ward against sufficient resistance to neutralize the weight of the 
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3. For POOR muscle, sitting with his arm resting on a table at shoul- 
der height, out in position of abduction, patient brings the arm 
forward in horizontal adduction. 

Movement. — Outward rotation. 

Muscles. — Teres minor. Infraspinatus. Deltoid, posterior part. 

Examination. — 

1. Lying face down, with the upper arm out at shoulder level and 
the forearm hanging over the edge of the table, with the elbow 
bent at a right angle. 

Fair muscles should rotate the upper arm outward, thus raising 
the hand and forearm above the level of the table. 

Good muscles can hold the arm in this position against down- 
ward pressure on the forearm. 

2. Lying on the back, wth arm at the side. .. 

Poor muscles should turn the arm outward at the shoulder, roll- 
ing the elbow back. The elbow must be watched to make sure 
that the upper arm turns as well as the hand and forearm. 

Exercises. — For fair or good muscles. 

1. Use position described in examination of these muscles. 

2. Sitting with the upper arm and forearm supported at shoulder 
level, elbow flexed to a right angle, arm in abduction, patient 
raises forearm, thus performing outward rotation at the shoulder. 
For POOR muscles. 

3. Use position and movement described in examination of 
muscles. 

4. Lying face down with the whole arm hanging over the edge ^ ® 
table, elbow straight, patient turns the whole arm outward. 


Arm and Hand Movements 
M ovement.— Elbow flexion. 

Muscles.— B iceps. Brachialis. Brachioradialis. Pronator teres. 

Flexors of the wrist. Flexor digitorum sublimis. 

Examination. — 

- Patient sits with the arm hanging at the side. 

P.n, .. K tOUChCS 


Fair muscles should raise the forearm so 
the shoulder. 

Good muscles raise the forearm against resistance. 

. Palicnt sits with the whole arm supported on a table, elbow 
straight, hand resting on the fifth finger. 

IhTraWc^^ elbow without raising the forearm from 
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EXAillNATION. — 

1. Patient sitting with the palm of the hand resting on the table. 
Fair extensors should raise the hand from the table. 

Good muscles would overcome resistance as well. 

The lingers should not be held in extension unless it is desired 
to have the linger extensors assist in the movement. 

2. With the ulnar side of the forearm and hand resting on the table, 
POOR extensors should bend the wrist back in extension. 

Exercises. — ^These are given in the same positions as in the exam- 
ination. 

Movement. — ^Wrist abduction. 

Muscles. — Flexor and extensor carpi radialis. Extensors of the 
thumb. 

ExAiriNATiON AND EXERCISE. — Hand resting on the table, palm up. 
Patient bends the wrist toward the thumb side, without moving 
forearm. 


Movement — ^Wrist adduction. 

Muscles. — F lexor and extensor carp! ulnaris. 

Examination and Exercise. — Patient bends the ivrist toward the 
ulnar side, without moving forearm. These lateral movements 
are used ^iefly when inequality exists between the radial and 
ulnar muscles. 

Movement. — Finger extension. 

IvIuscLES — Extensor digitorum communis, extends the proximal 
phalanges. 

Examination and Exercise.— Patient pushes back the proximal 
phalanges of the four fingers, either alone or against resistance, 
keeping middle and end joints flexed loosely. 

Movement. — Finger extension. 


Muscles, — Interossci and lumbricales, extend the second and third 
phalanges. 

Examination. — Patient extends the middle and end joints of the 
fingers, either alone or agmnst resistance. The first phalanges 
should be held by the examiner in extension during the move- 
ment. If the first phalanges are held passively flexed, the extensor 
diptorum communis can extend the second and third phalanees 
Without the interossei and lumbricales. ° 
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Muscles. — Biceps. Supinator brevis. Brachiora'dialis. 

Examination and Exercise. — Sitting with the elbow flexed to a 
right angle, palm turned down, patient turns the forearm, 
palm up. 

Resistance to the movement may be given by grasping the fore- 
arm just above the wrist. 


Movement. — Pronation of forearm. 

Muscles. — Pronator radii teres. Pronator quadratus. Flexor carpi 
radialis. 

Examination and Exercise. — Sitting with the elbow flexed to a 
right angle, palm up, patient turns the forearm, palm down. Re- 
sistance as for supination. 

Movement.— Wrist flexion. 

Muscles. — Flexor carpi radialis. Palmaris longus. Flexor carpi 
ulnaris. Long flexors of the fingers and thumb, 

Examination. — 

1. Patient sitting mth the back of the hand resting on the table. 
Fair flexors should bend the wrist, palm up, raising the hand 
against gravity. 

Good muscles would overcome resistance as well. 

The fingers should be relaxed to localize the action in the other 
muscles. 

2. Sitting with the ulnar side of the forearm and hand resting on the 
mble, midway between pronation and supination. 

Poor flexors should bend the wrist, gravity being eliminated. 

It will be necessary for the examiner to feel the different tendons 
to know what part each muscle is taking in the movement. 

ExERciSEs^^For good, fair or poor flexors. 

I and 2. These are given in the same positions as the test Nos, 
I and 2. 

3. For POOR muscles, with the forearm resting on the table in prona- 
tion, hand extending over the table edge, patient bends the wrist 
dmvnward against enough resistance to neutralize the weight of 
the hand. 


Movement. — Wrist extension. 


Muscles, — Extensor 
carpi ulnaris. Long 


carpi radialis longus and brevis. Extensor 
extensors of fingers and thumb. 
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EXAillNATION. — 

1. Patient sitting with the palm of the hand resting on the table. 
Faik extensors should raise the hand from the table. 

Good muscles would overcome resistance as well. 

The fingers should not be held in extension unless it is desired 
to have the finger extensors assist in the movement. 

2. With the ulnar side of the forearm and hand resting on the table, 
POOR extensors should bend the wrist back in e.xtension. 

Exercises. — ^These are given in the same positions as in the exam- 
ination. 

Movement. — ^Wrist abduction. 

Muscles. — Flexor and extensor carpi radialis. Extensors of the 
thumb. 

ExAiiiNATiON AND EXERCISE. — ^Hand resting on the table, palm up. 
Patient bends the wrist toward the thumb side, without moving 
forearm. 

Movement. — ^Wrist adduction. 

JIuscLES. — Flexor and extensor carpi ulnaris. 

Examination and Exercise. — Patient bends the wTist toward the 
ulnar side, without moving forearm. These lateral movements 
are used (iiefly when inequality exists between the radial and 
ulnar muscles. 


Movement. — Finger extension. 

Muscles. — Extensor digitotum communis, extends the proximal 
phalanges. 

Examination and Exercise- — Patient pushes back the proximal 
phalanges of the four fingers, either alone or against resistance, 
keeping middle and end joints flexed loosely. 

Movement. — Finger extension. 


Muscles. — Interossei and lumbricales, e.xtend the second and third 
phalanges. 

Examination. — Patient extends the middle and end joints of the 
fingers, either alone or against resistance. The first phalanges 
should be held by the examiner in extension during the move- 
ment. If the first phalanges are held passively flexed, the extensor 
digitorum communis can extend the second and third Dhalan^p? 
Without the interossei and lumbricales. ® 
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Muscles. — Biceps. Supinator brevis. BrachioraHialis. 

Examination and Exercise. — Sitting with the elbow flexed to a 
right angle, palm turned down, patient turns the forearm, 
palm up. 

Resistance to the movement may be given by grasping the fore- 
arm just above the wrist. 

Movement. — Pronation of forearm. 

Muscles. — Pronator radii teres. Pronator quadratus. Flexor carpi 
radialis. 

Examination and Exercise. — Sitting with the elbow flexed to a 
right angle, palm up, patient turns the forearm, palm doNvn. Re- 
sistance as for supination. 

Movement. — Wrist flexion. 

^luscLEs. — Flexor carpi radialis. Palmaris longus. Flexor carpi 
ulnaris. Long flexors of the fingers and thumb. 

Examination. — 

1. Patient sitting wth the back of the hand resting on the table. 
Fair flexors should bend the wrist, palm up, raising the nano 
against gravity. 

Good muscles would overcome resistance as well. ^ 

The fingers should be relaxed to localize the action in the olner 
muscles. 

2. Sitting with the ulnar side of the forearm and hand resting on the 
table, midway between pronation and supination. _ 

Poor flexors should bend the wrist, gravity being eliminate^ 

It win be necessary for the examiner to feel the different tendons 
to know what part each muscle is taking in the movement. 

Exercises. — F or good, fair or poor flexors. .. 

I and 2. These are given in the same positions as the test Nos. 
X and 2. 

3. For POOR muscles, with the forearm resting on the table in prona* 
tion, hand extending over the table edge, patient bends the wns 
downward against enough resistance to neutralize the weight ot 
the hand. 

Movement. — Wrist extension. 

Muscles.— Extensor carpi radialis iongus and brevis. Extensor 
carpi ulnaris. Long extensors of fingers and thumb. 
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EXAillNATION. — 

1. Patient sitting with the palm of the hand resting on the table. 
Fair extensors should raise the hand from the table. 

Good muscles would overcome resistance as well. 

The fingers should not be held in extension unless it is desired 
to have the finger extensors assist in the movement. 

2. With the ulnar side of the forearm and hand resting on the table, 
POOR extensors should bend the wrist back in extension. 

Exercises. — These are given in the same positions as in the exam- 
ination. 

Movement. — ^Wrist abduction. 

Muscles. — Fle.xor and extensor carpi radialis. Extensors of the 
thumb. 

Examination and Exercise. — Hand resting on the table, palm up. 
Patient bends the wrist toward the thumb side, without moving 
forearm. 


Movement. — ^Wrist adduction. 

Muscles. — Flexor and extensor carpi ulnaris. 

Examination and Exercise. — Patient bends the wrist toward the 
ulnar side, without moving forearm. These lateral movements 
are used chiefly when inequality exists between the radial and 
ulnar muscles. 


Movement.— Finger extension. 

Muscles. — Extensor digitonim communis, extends the proximal 
phalanges. 

Examination and Exercise. — Patient pushes back the proximal 
phalanges of the four fingers, either alone or against resistance, 
keeping middle and end joints flexed loosely. 


Movement. — Finger e.xtension. 

Muscles. — I nterossei and lumbricales, extend the second and third 
phalanges. 

Examination.— Patient extends the middle and end joints of the 
fingers, either alone or against resistance. The first phalanges 
should be held by the e.xamincr in extension during the move- 
ment. If the first phalanges are held passively flexed, the extensor 
digitorum communis can extend the second and third phalanges 
Without the interossei and lumbricales. ^ “ 
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Extensor indicis proprius and extensor digiti quinti proprius 
assist the extensor communis to extend their respective fingers, 
but either may act in the absence of the common extensor. 


Movement. — Finger flexion. 

Muscles. — ^Those of first phalanges, mainly interossei and lum* 
bricales. 

Examination. — Patient should be tested with fingers^ outstretched 
Movement is aided by flexor digitorum sublimis and flexor 
digitorum profundus if fingers are allowed to flex. 

Those of second phalanges, flexor digitorum sublimis and flexor 
digitorum profundus. . 

Those of third phalanges, flexor digitorum profundus. 
Movement. — Adduction of fingers, to middle finger. 

Muscles. — Palmar interossei. 

ist palmar interosseus adducts index finger 
and “ “ " fourth “ 

3 rd “ “ « fifth 

Examination and Exercise. — B e careful to avoid flexing at same 
time. 


Movement,^Abduction of fingers—from an imaginary line drarni 
through the middle finger. 

MuscLES.~-Dorsal interossei. Abductor digiti minimi. 

1 st dorsal interosseus abducts index finger 

** “ moves middle finger toward index finger 

3rd “ « «. « (f « fourth “ 

4th “ _ « « “ fifth “ 

Abductor digiti minimi abducts fifth finger. 

Examination and Exercise. — Have patient spread all fingers 
apart, or each separately, and hold the position. Fingers should 
be kept flat during movement. 

Movement.— Thumb extension. 

pollicis longus— first the terminal joint, then 
carpometacarpal. Extensor pollic‘S 
carpometacarpal. Extensor ossis 
P poliicis (abductor longus) — carpometacarpal joint. 

Movement. — Thumb flexion. 

especially Ihe 

e.xor pollias brevis — metacarpal bone and fir^t 
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phalanx. Opponens pollicis — metacarpal bone. Abductor pollicis 
brevis— metacarpal bone. Adductor pollicis— metacarpal bone. 

Examination. — Patient flexes thumb across the palm, keeping 
thumb flat to palm. 

Movement. — Thumb opposition. 

Muscles. — Opponens pollicis. Flexor pollicis bre\-is. Abductor 
pollicis brevis. Adductor pollicis. 

Examination. — 

Patient abducts thumb at right angles to palm, and then approxi- 
mates it to fingers and ulnar side of hand, keeping a space open 
between the thumb and the palm. 

Atrophy of both the abductor brevis and opponens pollicis pro- 
duces a general flattening of the thenar eminence. Atrophy mainly 
of the opponens pollicis is shown by a hollow along the metacarpal 
bone on the radial side of the thenar eminence. 

Facial Paralysis and Throat 

The following movements should be tried and practiced as exercises, 
before a mirror if needed. The two sides of the face should be carefully 
compared. In the case of unilateral weakness, there will be more move- 
ment on the stronger side. This will be especially noticeable in laughing 
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and crying, as the mcnilh, cheek and nostril are drawn to that side, 
producing a grotesque expression which the patient may erroneously 
attribute to trouble with the stronger side. 

1. Raise the eyebrows, wrinkling the forehead. 

2. Scowl, drawing the eyebrows together. 

3. Close the eyes. 

4. Open the eyes rvide. 

5. Turn the eyeballs from side to side. 

6. Wrinkle the nose and sniff. 

7. Smile”, notice the corners of the mouth as well as the cheek. 

8. Pucker the lips to whistle. 

9. Open the mouth, dropping the jaw evenly. 

10. Close the mouth with pressure, as in chewing. 

11. Move the lower jaw from one side to the other. 

12. Run the tongue out straight. 

13. With the mouth open, notice whether the arch of the soft palate 
is the same on both sides, and whether it is lifted equally when 
the patient says “a-ah.” In addition to sagging on the paralyzed 
side, the uvula may be drawn to the stronger side. 

Any difficulty ^vith speech, swallom'ng, raising mucus, coughing or 
sneezing should be noted. 


Respiration 

It is difficult to grade the strength of the muscles of respiration, but 
varying degrees of paralysis, which may be unilateral or bilateral, are 
often detected in the after-care of patients who have had acute respira- 
tory involvement in the early stages of the disease. Careful observa- 
tion of the movements of the abdomen and of the chest wall is 
essential in order to determine whether the breathing is being carried 
on mostly by the diaphragm or by the intercostal muscles, and 
whether it is alike on both sides A fluoroscopic e.xamination will some- 
times be of assistance in showing the amount of excursion of the dia- 
phragm on the two sides. 

A normal child, lying quietly, moves the chest very little in ordi- 
nary breathing With each inspiration, there is a slight bulging of the 
abdomen from the increased pressure caused by the descent of the 
diaphragm When asked to take a deep breath, the chest is raised, 
but normal children often fail to show more than one-half inch chest 
expansion unless they have been trained to do breathing exercises 
For this reason, too much significance should not be attached to small 
chest expansion in a poliomyelitis patient, unless there is a history 
ot respiratoo' involvement, or unless there are obvious signs of unusual 
atcivuy of the accessory muscles in the effort to lift the chest. 
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Diaphragm. — 

1. Observation of an unusual amount of chest expansion on each 
inspiration, accompanied by a sucking-in of the upper abdomen, 
indicates severe weakness of the diaphragm. 

2. The examiner may hold the patient’s ribs firmly, to interfere with 
the action of the intercostal muscles in attempting to raise the chest, 
while he observes the abdomen. A strong action of the diaphragm 
on inhalation will produce a perceptible bulge in the abdominal wait, 
and respiration will go on without discomfort, in spite of the re- 
stricted chest movement. 

Intercostals. — 

1. In severe paralysis of these muscles, with a good diaphragm, t c 

abdomen bulges markedly on each inspiration, and the chest a • 
tens, particularly in the region of the lower ribs, which are suc'e 
in by the pull of the diaphragm. . . 

2. The examiner holds the lower ribs and the abdomen firmly agai 
motion, and the patient is urged to expand the chest with a oe P 
breath. The scaleni and the sternocleidomastoids normally act 
raise the chest in forced inspiration, as do the serrati, 

etc., but their action is much more marked when the mtercosi 
are involved. 

Exercises. — 

1. The patient should be taught to breathe with whichever muscles 
do not produce normal excursion on inspiration. 

Pressure on the ribs by the examiner’s hands will help to localize 
the action, by preventing movement at that point and forcing 
pansion elsewhere. 

2. Arm-raising and rib-stretching exercises should be included to pre 
vent contractures which may hold the ribs in a sunken position. 

3. Forcible expiration will also be useful. 


Equipment for Muscle Training 

The only equipment necessary is a table which can be made by any 
wrpenter. It should be large enough to support a patient lying on 
back with both legs in full abduction. For many patients, especially 
children, a somewhat narrower table will be satisfactory if the worker 
Readies the patient’s foot or hand when it is extended over the e g • 
The exact measurements will differ according to whether or not adults 
as well as children must be planned for, but it should be possible for 
the average patient to lie on his side with his hips flexed ^nd t 
undornwth leg extended at a right angle to his body. We have taWes 
r,ve feet, f.ve and one-hali and six feet in length, varying in wd* 
from three to four feet. It is better not to have them hinged tor adjust- 
able back supports, as any cracks or hinges increase friction or pro- 
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vide an obstacle vibkh has to be avoided. For the same reason drop 
leaves on a narrower table, which is ordinarily used for other purposes, 
are not as satisfactory as a solid top. A table of the required size may 
be built with folding legs and stood against the wall when not in use 
if the floor space is needed for other purposes. 

While a wooden surface may be used, patients will be more com- 
fortable if a few layers of harness felt are laid on the wood, extend- 
ing over its edges, and this is covered by a smooth leatherette or a 
waterproof covering which comes for automobile tops. 

^\^len it is necessary to give exercises in a bed. it is desirable to have 
as firm a mattress as possible, both to lessen friction and insure more 
accurate movements than can be obtained in a soft bed which sags 
in the middle. Often a board placed under the mattress, or a linoleum- 
covered board, like a table top. placed under the patient, will make a 
satisfactory substitute for a table. 

It should be emphasized again that it is not the equipment, but the 
choice of suitable exercises and the technic of giving them, that con- 
stitutes efficient treatment of paralyzed muscles. The kitchen table 
and even the kitchen floor have been utilized many limes in homes 
where no other facilities were available. 

Various aids may be devised to assist very weak muscles in produc- 
ing movements, or to reduce Iriction. Busting powder may be used, 
or slings to support the weight of the limb in exercises such as abduc- 
tion, with or without the use of pulleys or pendulum weights. A sup- 
port with a ball-bearing joint is sometimes used for the limb. Such 
devices may serve to stimulate the interest of the patient, but in most 
cases the hands of the worker can give more accurate localization of 
the movement, while at the same lime giving the necessary support 
and assistance. 

The action of any mechanical exercises should be very carefully 
analyzed before consent is given for their use by patients whose 
muscles are severely paralyzed, or whose muscle balance has been 
affected. The general criticisms of their use are: 

1. Evidences of beginning fatigue cannot be recognized as readily 
as when the control of a movement is supplied either by the hands of 
an experienced worker or by a parent who has been accustomed to the 
reactions of that particular child. 

2 . Springs or weights may replace the active effort of the particular 
muscles most in need of exercise, while the stronger antagonists are 
still further developed. 

3- Other muscles may be substituted and the movement performed 
m a faulty manner. 


The danger of overfaligue, and the danger of neglect of scientific 
ireatment on account of the use of some highly advertised mechanical 
appliance ace the most serious arguments against their use. 
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Therapeutic Exercise Pool 

The practice of giving muscle training in an exercise pool will be 
found beneficial to many patients. Its use seems particularly adapted 
to those whose muscles are so badly affected that they are able to 
produce little or no motion of the Hmbs on a table. 

It is customary to say that a muscle examination made in warm 
water will show a rating one grade higher than can be demonstrated 
outside. This is because the weight of the limbs is largely supported 
by the water, and the pull of gravity is either greatly diminished or 
entirely overcome, so that the part floats. In consequence, less strength 
is required to move the part, and an easier set of exercises can be 
evolved which are better graduated for very weak muscles, because 
they provide the right amount of work without the insensible fatigue of 
overexertion. Undoubtedly, the patient's enjoyment of the exercise 
period stimulates him to greater effort and so hastens his process. 

The same care must be given to the choice of exercises suitable to 
the degree of weakness of the muscles, and to the relative strength of 
the opposing group, as has been previously described. Equal attenUon 
must also be paid to localizing the movements in the desired muscles. 
The danger of the stronger muscles* neglect of the weaker ones, m 
pneral and recreative movements in the water, is just as great as on 
land. The instructor of normal children in the swimming pooHs no 
more qualified to undertake the treatment of infantile paralysis pa* 
lients in the water, than the physical education instructor is qualified 
to tre:H them in the gymnasium. It is far better to teach the mother 
just what exercises should be done, either on a table or in the water, 
than to refer the child to the general swimming pool as a substitute 
for treatment. The general swimming pool may be of some benefit 
to the chfonic case, as a healthful recreation in which he can partjci* 
pa ® 'With others, but it does not constitute efficient treatment and ma> 
do definite harm in increasing deformities. 

erapeutic exercise pool of any size has the same problems as any 
other pool with regard to sterilization of water, overflow drains, clean- 
neSia*ry ' ^ additional buoyancy but is not 

‘ Hospital, Boston, has a recirculation sys- 

™ ‘A'orine, and triple gravel fillers. The 

laboratoiY braenolopc reports are almost sterile, and at an average oi 

oMrHmdon Tn .h" ° chlorine, there are very few compla'n^ 

oi ■rritalion to the mucous membranes or eyes 

.A cTorT*' *"1 “ Icmperature of 90 to 94° F. 

34.44 C. ) , or severely paralyzed paUents will complain of cold. 

rausinT a To™ bM u ’’ ®°'"«chal below body temperature, thus 
“nr TIrf pa e s doJotM! “!<> 'hnhs and^r circula.ton oi 

' • the quick reaction and estra production 
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Therapeutic Exercise Pool 


The practice of giving muscle training in an exercise pool nill be 
found beneficial to many patients. Its use seems particularly adapted 
to those whose muscles are so badly affected that they are able to 
produce little or no motion of the limbs on a table. 

It is customary to say that a muscle examination made in warm 
water will show a rating one grade higher than can be demonstrated 
outside. This is because the weight of the limbs is largely supported 
by the water, and the pull of gravity is either greatly diminished or 
entirely overcome, so that the part floats. In consequence, less stren^ 
is required to move the part, and an easier set of exercises can be 
evolved which are better graduated for very weak muscles, because 
they provide the right amount of work without the insensible fatigue of 
overexertion. Undoubtedly, the patient's enjoyment of the exercise 
period stimulates him to greater effort and so hastens his process. 

The same care must be given to the choice of exercises suitable to 
the degree of weakness of the muscles, and to the relative strength w 
the opposing group, as has been previously described. Equal attention 
must also be paid to localizing the movements in the desired muscles. 
The danger of the stronger muscles* neglect of the weaker ones, m 
general and recreative movements in the water, is just as great as on 
land. The instructor of normal children in the swimming pool is no 
more qualified to undertake the treatment of infantile paralysis pa- 
tients in the water, than the physical education instructor is qualmecl 
to treat them in the gymnasium. It is far better to teach the mother 
just what exercises should be done, either on a table or in the walw, 
than to refer the child to the general swimming pool as a substitute 
for treatment. The general swimming pool may be of some bene 
to the chronic case, as a healthful recreation in which he can partici- 
pate with others, but it does not constitute efficient treatment and may 
do definite harm in increasing deformities. 

A therapeutic exercise pool of any size has the same problems as any 
other pool with regard to sterilization of water, overflow drains, clean 
liness, etc. Salt water may be used tor additional buoyancy but is mt 
necessary. 


The pool at the Children’s Hospital, Boston, has a recirculation as- 
tern of conUnuous flow, liquid chlorine, and triple gravel filters, ^he 
laboratoo’ bacteriologic reports are almost sterile, and at an average ol 
0.5 part per million of residual chlorine, there are very few 
mucous membranes or eyes. 

The water must be kept at a temperature of go to 94 " F- (32-2i. ! 
34-44 U ), or severely paralyzed patients will complain of cold. . 
this temperature IS uncomfortably warm for normal persons, it should 
be borne in mmd that it is somewhat below body temperature, thus 
causing a loss of body heat. The cold limbs and poor circulation of 
paralyzed patients do not have the quick reaction and extra production 
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Therapeutic Exercise Pool 

see which ones are best suited to the functional ability of the muscles. 
Some poor muscles will function best in a movement parallel to the 
surface of the water, while others accomplish more either in lifting 
the part toward the surface or in the opposite position of submerging 
it. The tension of the antagonistic muscles and the ability of the part 
to float are conditions which affect the difficulty of the exercise. 



Fic 44 *— Galvanized-iron extension splints appLed. 


The trunk muscles respond especially well to exercises in water, and 
a greater variety can be worked out for weak abdominal and back 
muscles than can be performed on a table. 

The balance of the head and trunk in the erect sitting position may 
be gained by practicing in water which reaches above the shoulders, 
the patient who has to learn to walk over again, using braces and 
crutches, makes much faster progress if he has had a preliminary 
training m the pool. Leg splints and a corset may be worn in the 
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of heat with which the normal person responds to a lower temperature, 
and chilling results, with consequent loss of muscle effectiveness. 

The routine precautions observed to prevent a spread of infection 
incU^de nose and throat culture, Wassermann test if the history sug- 
gests its need, warm soap scrub on a table under a shower, and careful 
inspection for signs of a skin infection, a rash or a cold. Ambulatory 
patients wear paper slippers over bare feet outside the pool. 



4i Oalvanlzcd'iron extension splints for walklnR in tt'c 


A I s- or 2o.minute rest should be required after the exercise period- 
table suhmerRcd in the pool about lo inches below the surfa« 
wdl he found of assistance in giving many exercises. The legs may 
fasteneil m sockets on the bottom of the pool if it is desired to base 
the table removable, or one end may be hung from the hand ran 
nith weighted legs at the other end to hold it down. An inchneO 
plinth under water will also be found useful 

Many of the same exercise positions may be used in the water, 
hut It wail be found necessary to tty out the different positions <» 
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Fio. 46 — Hubbard tub for treating induidual cases 
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pool to prevent faulty weight bearing. The problem of maintaining the 
balance, while shifting the weight from side to side as the legs are 
moved, is made much easier when the body is supported by water of 
shoulder depth. 

Other problems of daily life, such as going up and down stairs 
and sitting down and getting up out of a chair, may be mastered 
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ment is started in this way. Instead of using the large pool, we prefer 
to submerge such patients on a Bradford-frame in a table tub about i8 
inches deep (large enough for one patient). About loo® F. (37.78° C.) 
IS the usual temperature while sensitiveness remains. No attempt is 
made to force painful movements, or to carry through a list of exer- 
cises * is allowed to move as he likes, and confidence is 

gamed in the shallow water. If there are beginning contractures, the 
patient IS enwuraged to try to overcome them, but no painful stretch- 
ing IS done. The patient remains in the water about ten minutes and 
IS then lifted on the frame and dried off with as little movement 
of sensitive joints as possible. 

Physical Therapy in Postoperative Conditions 

Muscle training after tendon transplantations is of the greatest im- 
portance, as the after-treatment may mean the success or failure of 
the result. 

After a tendon transplantation, the part must be immobilized in 
p^'ercorrected position. There is danger that atrophy 
muscle will take place, if complete immobiliza- 
wL, . considerable length of time It is essential, 

^ enough should be allowed for the transplanted 
any firmly attached to its new insertion, before allowing 

'"OUS'' attached after twelve or fourteen 
MUne nm « ‘0 be made upon it. It is my rule to begin 

“as.sage without motion when the stitches are 
s'houW uko tittya At this time, the patient 

contract it Ah." '""t^nle, making one or two attempts to 

mu'.tie is contnrt ™ *“ fourteen days, the number of tiroes the 
rcponse, so that gradually increased, depending upon ds 

carried on weeks regular muscle training is being 

new*' transplanted to such a place that 

often nei€>s^.-irv entirely different from the original one, it is 


oft.-n neie-^arv -it different from uk ungioat - - 

funttion m order to have h-' patient to carry out the former 

a!!v learn «uh pr.ictice to new one. Patients will gmdu- 

thi-. i^ accomnhshoft perform the new function, and as soon as 
the H-i of function should be dropped from 

to imtKUe the movement f muscles of sufficient stren^b 
new jxfMtion. it will reRiin transplanted muscle m Us 

t'.rVcit uire -hould ahv" functional use more quickly, 
the ire.unani .is m jL ^ prevent muscle fatigue from 

iH-cn nn njHr.aKiti \ w,. IratnmK of cases where there has 
ralhiT tiun l.,r e«,.ri ’'‘.‘'i*?"'''' should be the signal tor rest, 

The fir-i '•’■"'“"'■tr.ate the ability to function- 

treatment. .houW be given with the part 
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resting in half of the bivalved plaster. Baking, superficial massage and 
reeducation of the transplant can be given in this way before it is safe 
to have the part unsupported. The region of the incision may be left 
covered by a small dressing if it is not entirely healed, while treat- 
ment is given to the rest of the muscle. 

Tendons of partially paralyzed muscles must be carefully protected 
from stretching, and they require a longer period of rest after their 
attachment in a new position than is nectssary after the suture of a 
divided tendon whose insertion has not been disturbed. 

A bone operation, such as a stabilization, must be treated as a 
fracture, whether or not a muscle transplantation has been done at 
the same time. Baking and massage may be started in two weeks, 
provided that care is taken to prevent any motion at the joints 
operated upon, and muscle training for a transplantation maybe added 
in about four weeks. 

It is important to carry on massage and muscle training to keep up 
the circulation and tone of the affected muscles in other parts of the 
body during a period of postoperative inactivity. Light work of this 
kind can usually be started soon after the disappearance of the early 
postoperative reaction and discomfort, provided that care is taken to 
avoid any exercise or position which may cause strain on the im- 
mobilized part. 

When weight bearing has been resumed, much can be done in many 
cases to improve the patient’s gait by special training to overcome 
faulty habits, and to insure the use of a transplanted muscle in walk- 
ing Instruction is often needed to aid the patient in acquiring good 
balance of the body after stabilization operations on the feet. 

Much time can be saved and better results obtained, if an intelligent 
use is made of physical therapy measures following operative pro- 
cedures in the treatment of poliomyelitis. 


Necessity of Follow-up 

The importance of follow-up treatment in the after-care of polio- 
myelitis is very great. 

Since the maximum recovery from the effects of an attack of 
poliomyelitis can not be obtained in a few weeks or months, if there 
has been any considerable degree of paralysis, but is a long and tedious 
process in which the outcome is dependent upon the regular and 
faithful cooperation of the patient and his family, some thought must 
be given to the problem of obtaining, and keeping, this cooperation. 

The parents of children affected with poliomyelitis should be given 
an honest, heart-to-heart talk about what they have to expect- and 
should have it explained to them that no one can tell how much 
reco\^ry can be made by the weakened muscles, but that whether or 
not their child regains the maximum amount possible to him dcnenri^ 
lo a larpe extent upon their faithfulness in carrying out treatment 
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They should understand that there wU! be periods when no appreciable 
gain will be made, but that neglect of treatment may allow the develop- 
ment of serious deformities, and that muscles often start in to gain 
again after a stationary period. 

They should also reali2e that there are charlatans who will promise 
perfect cures, and that, on the other hand, there are reputable doctors 
who do not yet realize the improvement that can be gained by carefully 
planned muscle training and will tell them that it is not worth while 
to do an3^hing more than wear braces. It is easy to understand the 
discouragement and the perplexity that the parents of paralyzed chil- 
dren must often feel, and they should be given every legitimate encour- 
agement to carry on, for the good of the child. 

Daily treatment by an expert in muscle training, with the frequent 
supervision of the surgeon, is of course the ideal method of treatment. 
Obviously this is possible for only a limited number and cannot 
arranged for any large group of patients with restricted financial 
means, who are scattered over a wide area. 

Careful instruction of the mother so that she may carry on the 
proper exercises correctly, in between the days when she reports to 
the clinic, is the only practical method of follow-up. 

It IS our policy in the Harvard InfanUle Paralysis Commission 
Clinic to have cases report three tim^ a week to the clinic at tw 
start of their treatment, so that the progress of each muscle may be 
\ratched carefully, and the parent instructed in the exercises she 
should carry out at home on the other days. 

It IS true that some parents are incapable of understanding and 
instructions in muscle training, but a fairly intelligent 
mothw wll soon learn to carry out exercises, if she realizes their value, 
alter being shown and made to perform them herself a few limes under 
t e direction of a capable worker. These home exercises are of vital 
importance, for a patient will certainly lose muscle power if the treat- 
Sfnir ? rafried out daily. For this reason, it is necessary for » 
P'''[^‘?'’.“'orapy worker to have the ability to instruct the 
Smrtiv “°P«ralion. As the parents learn to carry on 

erS fv supervision, the patients’ visits to the dime are 

fs dtSloTn “ "'cek, anri later to the intervals when it 

It is r Progress inspected by the surgeon, 

three ti?^r-i ^t'' "1“^ Pnrenu to bring the patients to the dime 
ess frZcnl 1st;,!? '>■“= ««ts, they must do the best they can w, h 
itnreSth!tre,??^'°" =>5 often ns possible. In order to 

anv orvanization dS!"' ft™'** "^“es is carried on, and not neglected, 
lo'reich the nalients follow-up work must provide field workers 
Mtent bv sfsits o intervals. This may be done to some 

ment clinics which tc hdd hi thJ^’ ‘'""“‘ftfo" ^“'.“"flenters 
at weekly, or other, 'nteVvaU convenient IomI centers 

carries out the s.ame wSm!nl v' treatni^ent ciinics, the worker 
caimcnl which would have been given at tnc 
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hospital clinic and supervises the mother’s methods of ^ving the e 
cises. She also notices whether the surgeon’s instructions are b 
carried out and later reports to him any change in the patient’s i 
dition which requires his attention. 

These treatment clinics held near the homes are often more effec 
in encouraging the parents to continued effort than home visits, s 
they have the opportunity to see the progress that other children 
making, and to hear how other mothers manage to meet the probl 
of getting in the daily exercise period and of making the children c; 
out the doctor’s other instructions. 

After muscle training has gone on for a few weeks, some mus 
will be seen to have regained power faster than others. For this rea 
it may be advisable to lessen the amount of exercise given tl 
muscles and put more stress on the ones that are not regaining po 
so fast, in order to prevent any increase in imbalance. 

At regular Intervals, all patients should have a routine check-up 
the surgeon, which should include the following points; 

1. A complete reexamination of muscle power, which is mad< 
intervals of once a month for the first three or four months, and t 
every two months during the rest of the first year. An examina 
every four months is often enough for the older cases. 

This examination will determine the choice of muscles to be stren 
ened by the physical therapy worker until the next examination, 
wll also control the decision of whether braces may be gradually 
carded or should still be continued. 

2 . An inspection of the braces, at least every three or four mon 
to insure that the chronic cases who require them permanently 1 
the necessary alterations and repairs to match their growth. 

3‘ From these routine examinations, it can be determined whe 
the progress of the case is satisfactory in regard to muscle recov 
•K ■&, -ATi’imrary pwVtd Vraa 'c«sfr» ttacYied. xVie \aViet, V. 

should be a consideration of whether some operative procedure j 
now be of service, without further delay. 

What Can Be Expected from Physical Therapy 

It has been stated earlier that the greatest amount of spontani 
recovery of muscle power occurs during the second stage of pi 
myelitis. This is the recovery follo%ving the absorption of the ed 
which had made pressure on some of the nerve centers of the sp 
cord and temporarily interfered \vith their function, but bad 
destroyed them. 

The greatest gain due to muscle training is made in the first i 
months to a year of treatment. WTien the nerve centers control 
muscles are partially impaired, weakness or partial paralysis of tl 
muscles is present. Such muscles will gradually gain in power 
trequent repetition of active contraction of their muscle fibers 
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They should understand that there will be periods when no appreciable 
gain will be made, but that neglect of treatment may allow the develop- 
ment of serious deformities, and that muscles often start in to gain 
again after a stationary period. 

They should also realize that there are charlatans who will promise 
perfect cures, and that, on the other hand, there are reputable doctors 
who do not yet realize the improvement that can be gained by carefully 
planned muscle training and will tell them that it is not worth while 
to do anything more than wear braces. It is easy to understand t^ne 
discouragement and the perplexity that the parents of ppalyzed chil- 
dren must often feel, and they should be given every legitimate encour- 
agement to carry on, for the good of the child. 

Daily treatment by an expert in muscle training, wth the frequen 
supervision of the surgeon, is of course the ideal method of treatment. 
Obviously this is possible for only a limited number ^d cannot be 
arranged for any large group of patients with restricted nuancia 
means, who are scattered over a wide area. . 

Careful instruction of the mother so that she may carry on t 
proper exercises correctly, in between the days when she reports i 
the clinic, is the only practical method of follow-up. ^ . . 

It is our policy in the Harvard Infantile Paralysis 
Clinic to have cases report three times a week to the clime at t 
start of their treatment, so that the progress of each muscle may 
watched carefully, and the parent instructed in the exercises sn 
should carry out at home on the other days. > 

It is true that some parents are incapable of tmderstandmg a 
carrying out instructions in muscle training, but a fairly intelbg 
mother will soon learn to carry out exercises, if she realizes their value, 
after being shown and made to perform them herself a few times una« 
the direction of a capable worker. These home exercises 
importance, for a patient will certainly lose muscle power if the ire 
ment is not carried out daily. For this reason, it is necessary JM J 
clmical physical therapy worker to have the ability to instruct me 
parents and obtain their cooperation. As the parents learn to carry 
correctly without supervision, the patients’ visits to the clmic a 
padually decreased to once a week, and later to the intervals when n 
IS desirable to have their progress inspected by the surgeon. , 
It IS impossible for many parents to bring the patients to the cl 
three times a week. In these cases, they must do the best they can '' 
less frequent instruction and report as often as possible. In order 
insure that the treatment of such cases is carried on, and not neglec e , 
any orpmzalion doing follow-up work must provide held 
to reach the patients at regular intervals. This may be done to som® 
extent by 'txits to the homes, or by the institution of so-callcd tteal- 
ment c in,c.s irh.ch are held by the workers at convenient local centers 
at weekly, or other, mtervals. At these treatment clinics, the wotker 
carncs out the same treatment whleh would have been given at the 
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hospital clinic and supervises the mother’s methods of ^ving the exer- 
cises. She also notices whether the surgeon's instructions are being 
carried out and later reports to him any change in the patient’s con- 
dition which requires his attention. 

These treatment clinics held near the homes are often more effective 
in encouraging the parents to continued effort than home visits, since 
they have the opportunity to see the progress that other children are 
making, and to hear how other mothers manage to meet the problems 
of getting in the daily exercise period and of making the children carry 
out the doctor’s other instructions. 

After muscle training has gone on for a few weeks, some muscles 
■will be seen to have regained power faster than others. For this reason, 
it may be advisable to lessen the amount of exercise given these 
muscles and put more stress on the ones that are not regaining power 
so fast, in order to prevent any increase in imbalance. 

At regular intervals, all patients should have a routine check-up by 
the surgeon, which should include the following points: 

1. A complete reexamination of muscle power, which is made at 
intervals of once a month for the first three or four months, and then 
every two months during the rest of the first year. An examination 
every four months is often enough for the older cases. 

This examination ^viIl determine the choice of muscles to be strength- 
ened by the physical therapy worker until the next e.xamination, and 
will also control the decision of whether braces may be gradually dis- 
carded or should still be continued. 

2. An inspection of the braces, at least every three or four months, 
to insure that the chronic cases who require them permanently have 
the necessary alterations and repairs to match their growth. 

3. From these routine examinations, it can be determined whether 
the progress of the case is satisfactoiy in regard to muscle recovery, 
or whether a stationary period has been reached. If the latter, there 
should be a consideration of whether some operative procedure may 
now be of service, wthout further delay. 

What Can Be Expected from Physical Therapy 

It has been stated earlier that the greatest amount of spontaneous 
recovery of muscle power occurs during the second stage of polio- 
myelitis. This is the recovery following the absorption of the edema 
which had made pressure on some of the nerve centers of the spinal 
cord and temporarily interfered with their function, but had not 
destroyed them. 

The greatest gain due to muscle training is made in the first nine 
months to a year of treatment. UTien the nerve centers controlling 
muscles are partially impaired, weakness or partial paralysis of those 
muscles is present. Such muscles will gradually gain in power bv 
irequent repetition of active contraction of their muscle fibers but 
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wiU only make their maximum recovery when protected from such 
unfavorable conditions as fatigue, over-use, stretching, etc. On the 
other hand, if these muscles are not caused to contract by exercise, 
they -will weaken from disuse, atrophy and gradually degenerate. 

After the first year, weakened muscles will continue to gain under 
treatment, but their progress will be much slower than that of the 
uninvolved muscles which will gain at the normal rate. For this reason 
too, after-care should be carried on for many years after the on«t, 
in order to guard against an increasing imbalance which may bring 
about late deformities. However, the actual gain made by the weakened 
muscles after the first year is of sufficient importance to warrant keep- 
ing up muscle training. 

Just how much power can be regained, eventually, depends upon 
the amount of permanent injury which has been done to the nerve 
centers. If all the nerve centers controlling a muscle have bwn de- 
stroyed, there can be no return of power under any treatment, but me 
examiner is not justified in assuming this to be the case, on the strength 
of not obtjuning any remnant of muscular contraction in the catij' 
examinations. A survey of 293 muscles which were rated totally gone 
on the initial examinations disclosed that two-thirds of these 
showed some return of power after two years of treatment. \^men vf 
group with the totally paralyzed muscles the next grade, consisting 0 
muscles which sometimes show a remnant of response but 
to produce any movement of the part to which they are attached, 
find that 23 per cent, or one-fourth of a total of 694 wuscles 
to produce any movement on the first examination, are able to tu 
lion against gravity after two years of treatment. . » 

Muscles which are able to produce some movement at the 
me initial examination, of course, show a greater proportion of g^u ’ 
(M 6127 muscles able to produce some movement, 89 per cent wer 
against gravity two years later. 

At the end of two years’ treatment, a survey showed that 02 
cent ot all the muscles in any degree affected had become normal. 

Only 13 per cent of the muscles which were classified as . 
had not recovered to normal; 91 per cent of the “fair” muscles hao 
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reached good or normal; and 21 per cent more had become faiti 
th,;U IS. they were able to overcome gravity. ..c 
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CHAPTER NINE 


PHYSICAL THERAPY IN CEREBRAL SPASTIC PARALYSIS 
Edwin W. Ryerson, M.D, 

Cerebral spastic paralysis, for the purposes of this paper, will be 
considered under three headings: (i) The Congenital Form in Chil- 
dren. (2) The Acquired Form in Children. (3) The Acquired Form in 
Adults. 

The Congenital Form in Children 


The congenital form is usually due to injury during the process of 
parturition, the skull being compressed during its passage through the 
birth canal, with a resulting Intracranial hemorrhage from torn blood 
vessels. The extent of the hemorrhage and its location will determine 
whether the infant dies immediately or lives with a greater or lesser 
degree of damage to the cranial contents. 

Routine lumbar punctures in more than nine hundred new-born 
babies showed blood in the spinal fluid in nearly 12 per cent, as re- 
ported by William Sharpe and Hines Roberts, but only a few showed 
any clinical signs of birth injury. 

The hemorrhage is most often over the cerebrum and usually limited 
to one side, beneath the dura, but may be tentorial or from the large 
central veins. 

Premature babies are especially liable to intracranial hemorrhage 
because of the thinness of the skull and the fragility of the blood 
vessels. 


Hemorrhages of considerable size are apt to result in porencephalic 
cavities, which were formerly considered to be developmental defects. 
These are generally in the cortex and are due to tearing of tributary 
veins to the longitudinal sinus by the overlapping of the parietal bones 
as the head is compressed and molded during delivery. 

The clinical signs of intracranial hemorrhage in infants are usually 
asphyxia and difficult resuscitation. The child is feeble, does not nurse 
and may be more or less comatose. There may be spasticity or con- 
vulsions. The fontanels may be tense or bulging. A lumbar puncture 
should always be made in doubtful cases, and if bloody spinal fluid is 
101^, under increased pressure, the diagnosis is practically certain 
The most common form of congenital cerebral spastic paralysis is 
paraplegia, affecting both legs. It is usually called Little’s disease and 
"•as described by him in 1862. When the arms are also involved it is 
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rately the mental capacity of very young children, and it is also true 
that medical or surgical treatment of the spastic disabilities sometimes 
produces considerable improvement in the mental status. For such 
reasons, then, public policy may dictate attempts to relieve even those 
who are severely handicapped. 

In the absence of indications for cranial operations, the plan of 
treatment involves certain fundamental principles. 

The clinical picture is that of an individual who has not, in the 
strict interpretation of the word, a true paralysis of any of his muscles. 
Every muscle in his body is intact and is capable of the normal range 
of contraction and relaxation, and the peripheral nerves, both motor 
and sensory, are undamaged. The motor centers in the cortex, how- 
ever, have been compressed and irritated, or even destroyed, by the 
cortical injury and are no longer able to transmit properly the desired 
stimuli to the motor nerves. This results in a disarrangement in func- 
tion of the muscles supplied by the damaged area of the cortex. Some 
of the muscles are overstimulated and contract too strongly. The 
opposing muscles are understimulated and fail to balance these strong 
contractions. The patient is unable to regulate voluntarily the un- 
balanced forces, and an incoordination of movement naturally results. 

In the ordinary paraplegia of Little’s disease, the large calf muscles, 
the gastrocnemius and the soleus, become overactive and pull too 
strongly upward upon the heel, producing the familiar equinus de- 
formity of the foot. The child, therefore, walks upon the ball of the 
foot, with the heel raised above the floor. Similarly, the great hamstring 
muscles in the thigh overbalance the extensors and cause flexion of the 
knee. In most cases the three adductors of the thigh also act too 
strongly and draw the knees together so that they interfere with or 
even cross each other. 

The treatment of this condition Is carried out by frequent manipula- 
tion, several times daily, of the feet and legs; the knee, ankle and hip 
being put through the full normal range of motion and held in complete 
overcorrection for some minutes at a time. The resistance of the 
muscles can always be overcome by firm, steady pressure, which will 
cause no actual pain whatever, but which at first is often objected to 
by the patient. After the muscles have been relaxed and stretched by 
these manipulations, an attempt is made to have the child perform 
some voluntary movements of a simple nature, dorsiflexing the foot 
extending the knee and abducting the (high. Deep massage and knead- 
ing of the muscles may reduce their spasticity but must be done slowly 
and firmly, because rapid and light tapping massage tends to increase, 
rather than to decrease, muscular irritability. ’ 

No form of electrical stimulation should ever be used in any variety 
of spastic paralysis. Galvanism and faradism, therefore, are absolutely 
contraindicated. ^ 

No alternations of heat and cold, as for example, “contrast baths ” 
should be used. ’ 
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known as diplegia. Hemiplegia is almost as common. Frank R. Ford, 
in his monograph published in 1927, states that true congenital cere- 
bral diplegia is apparently not related to birth injury or to meningeal 
hemorrhage but is due to obscure developmental defects. The diplegias 
caused by injury or hemorrhage he prefers to call '‘bilateral herm- 
plegia.” 

The Acquired Form in Children 

The acquired form of cerebral spastic paralysis in children is usually 
caused by infection, as from the middle ear or in the course of con- 
tagious diseases. Direct injury to an intracranial blood vessel is an 
infrequent cause. Spontaneous rupture of an artery, and thrombosis 
and embolism are rare in children but common in adults. 


The Acquired Form in Adults . 

Adult spastic paralysis of the cerebral type usually occurs in persons 
past middle life, in whom a high blood pressure has existed for many 
years as a result of renal or cardiac disease. Infectious 
predisposes to embolism, and syphilis is a frequent cause of tbromo 
of the cerebral vessels. Rupture of a vessel in the brain, 
called apoplexy, is perhaps more frequent than emboHsni and tar 
bosis. The resulting disability in all of these cases will 
the location and extent of the lesions. If death does not result 
diately, or within a few days, the general tendency is toward improve- 
ment; in most cases a great deal of benefit can be afforded oy me 
proper physiotherapeutic treatment. , 1 ^ nf 

Nearly all of the acquired spastic paralyses are unilateral 
the hemiplegic variety, affecting the arm and leg of the side opposu 
to the cerebral lesion. . j 

The more unusual diseases which may cause intracranial 
not be detailed in a work of this kind, as the physical results and 10*= 
physiotherapeutic treatment are practically identical with those men 
Honed before. 


Treatment 

In Children. — Considering first the ordinary cases of 
cerebral spastic paraplegia, or Little’s disease, it is of the grea«st 
importance to determine the mental condition of the child 
lining the course of treatment. Children who are imbeciles or idiom 
can never become useful citizens, and it is a difficult social and ec^ 
nomic problem to decide whether to improve their physical abilit>« « 
to leave hem as they are. An idiot who is incapable of walking about 
may be less disadvantageous to a community than one who has 
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After these operations, the legs and feet are encased in a double 
plaster-of-paris spica, with the knees straight, the feet in the neutral 
right-angled position and the legs widely abducted. In six weeks or 
less the spica is removed, and physical therapy is again instituted. 

The Hand . — In cases of hemiplegia, the hand and arm may be 
seriously disabled, and the problem of restoring function here is much 
more difficult than in the legs and feet because of the more highly 
differentiated character of the demands upon the upper extremity. The 
elbow and wrist are usually flexed, and the hand is apt to be deviated 
to the ulnar side, with marked adduction of the thumb. Voluntary 
attempts by the patient to perform movements with the hand or fingers 
cause incoordinated contractions of the muscles, so that proper func- 
tion is impossible. A long course of faithful physical therapy and 
muscle-training must be persisted in, and in some cases the results are 
very satisfactory. It is of great benefit to tie the normal hand and arm 
behind the back, so that the child is obliged to use the spastic hand 
for all purposes of work or play. It is often difficult to obtain the 
cooperation of the parents in this procedure because of their undue 
sympathy with the struggles of the child to escape from the bondage. 
The hand should be incased in a long mitten or bag, made of strong 
cloth or leather, which is laced or tied to the wrist or above the elbow 
and is in turn fastened securely to the waistband in the back. When 
this can be conscientiously carried out, it is the most successful method 
kno^vn to the author. 

In spite of all possible conservative measures of treatment and 
education, there will remain a rather high proportion of patients who 
will not obtain sufficiently good function. For these, considerable bene- 
fit may result from well-planned and well-executed operative proce- 
dures. The flexors of the wrist, namely, the fle.xores carpi radialis and 
ulnaris, may be lengthened by open division When pronation of the 
hand is extreme, the pronator radii teres may be divided or may be 
transplanted behind the radius so as to act as a supinator, as in A. H. 
Tubby’s operation. It may also be necessary to cut the pronator 
quadratus, just above the wrist joint, on the palmar side. 

The adducted position of the thumb, due largely to overaction of the 
opponens pollicis, is difficult to remedy. Simple division of this muscle 
is not usually satisfactory. It is probably better to cut the small branch 
of the median nerve which supplies this muscle, the incision being 
made at the base of the thenar eminence. 

Undue flexion of the fingers is another stumbling-block. If the flexor 
tendons be lengthened by open operation, the result is apt to be vitiated 
by a mass of adhesions, all of the tendons becoming matted together 
with no possibility of individual action. In a few cases, the tendon of 
origin of the flexors has been detached from the condyle of the 
humerus, with considerable benefit. This, of course, lengthens only the 
long head of the flexor subllmis, but the dissection can be carried down 
to include the ulnar head of the flexor profundus. Both of these muscles 
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Braces, splints, and plaster-of-paris casts are of little use in cerebral 
spastic paralysis. They do not prevent contraction of the muscles, nor 
do they aid in locomotion. Their only field of usefulness is to immobil- 
ize the extremities for a suitable time after operative procedures have 
been instituted, as will be described later in this article. 

The dominating factors of the conservative treatment are, first, to 
make the muscles flexible and relaxed by stretching and kneading and 
then to teach the patient to use the muscles in the proper manner. 
Success can only be attained by constant effort and ine^austible 
patience on the part of the attendant. Instruction carried out in classes 
is very valuable, as the stimulus of competition and association with 

other similarly a^icted children leads to ' ’ * 

is well exemplified at the Spaulding Scl ' ^ 

Chicago, where for some years a specia . ^ ^ 

been conducted with great success. 

Later Treatment. — Faithful perseverance in the conservative 
treatment should be continued for many months. If it then becomes 
e\ddent that the spasticity is too great to respond to the simpler meas- 
ures, operative interference should be considered. . 

There are two distinct methods of operation which have stood uJ 
test of time: 


1. Lengthening of tendons and muscles. 

2. Reduction of nerve supply to the spastic muscles (Stoffel s opera- 
tion) . 

Neither method produces perfect results in any case. Both methods 
lessen the spasticity very materially. Tendon lengthening is easier ana 
IS not destructive. If too great lengthening should occur, the ten 
wn readily be ^ortened. Stoffel’s operation is difficult and tecbni , 
in comparison; if too much of the nerve supply is cut off, the damag 
cannot be repaired. 

A combination of the two methods is often more successful than t e 
use of either alone. 

In the writer’s clinic, the ordinary procedure is as follows: 
general anesthesia the Achilles tendons are lengthened one-half to 
three-quarters of an inch by the open plastic method. The bicep, 
semitendmosus and semimembranosus tendons are then exposed y 
incisions op both sides of the popliteal space and are cut across com- 
plete^, being allowed to retract as far as they may. The child is then 
tmn^^ over on the back, and the obturator nerves are exposed by 
short incision downward from the spine of the pubis. The fascia is 
separated exposing the adductor brevis and the adductor Iong«s. 
Between these muscles the two branches of the nerve are easily found- 
In niiW pses only the anterior branch need be divided. 
cases both branches are cut, and some operators remove a half inch 
or more of the nerves. * 
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readily be lengthened by operations performed under local anesthesia, 
with a minimum of risk and, in many instances, with brilliant results. 

It will be noted that no mention has been made of Royle and 
Hunter’s sympathetic ramisectomy, nor of Forster’s division of the 
sensory nerve roots. The writer feels that the ramisectomy is still of 
somewhat doubtful value, and that Forster’s operation should defi- 
nitely be abandoned. 

To sum up the view’s presented in this article, the cardinal principles 
of treatment in cerebral spastic paralysis embrace: 

1. Early and long-continued training in the proper use of the affected 
extremities, thus strengthening the weaker muscles. 

2. Conservative efforts to reduce the spasticity by massage, manipu- 
lations and stretching. 

3. Diminution of the power of the overstimulated muscles by length- 
ening their tendons (thus shortening their range of contractility) or by 
reducing their nerve supply. 
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lie beneath the flexores carpi radmlis and ulnaris, the palmaris longus 
and the pronator radii teres, all’ of which can be, and in fact must be, 
detached at the same time. The entire arm, forearm and hand are then 
placed in a plaster-of-paris splint, with the elbow in full extension, the 
wist hyperextended and the hand supinated, for a period of five weeks. 
The educational and physical therapeutic treatment is then resumed. 

As an alternative to the operation of lengthening the muscles and 
tendons, the selective nerve-division operations of Stoffel may be used. 
The nerves supplying the spastic muscles are exposed, and one or more 
of the fibers running into the muscle bundles are cut across, or a sec- 
tion of them is removed. This paralyzes a corresponding portion of the 
muscle, greater or lesser as the surgeon deems advisable. The results 
in many of these cases are excellent. The writer has not used this 
method as freely as have some of his confreres, because the operation 
is essentially a destructive one and its effects cannot be modified in 
case too many nerve fibers have been divided. It is also a somewhat 
inaccurate procedure, since it is impossible to determine precisely how 
much of the nerve supply to sacrifice in any individual instance. ^Vhen 
a rnuscle or tendon has been lengthened too greatly, it is easy to shorten 
It the requisite amount, but when a small motor nerve has been sec- 
tioned, it IS practically impossible to repair it. The Stoffel operation, 
nevertheless, is of great value when judiciously utilized in suitable 
cases, especially in the adductors of the thighs, the flexors of the 
lingers and the opponens pollicis. 
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THE PHYSICAL THERAPY OF OBSTETRICAL 
PARALYSIS 

James Warren Sever, M.D, 

Obstetrical paralysis was first described by Smellle in 1768, but 
was brought to the attention of the medical profession in 1872 by 
Duchenne, who described four cases. 

The paralysis is due to the tearing of the cords of the brachial 
plexus as a result of forcible separation of the head and shoulder 
at birth. This has been confirmed by operation, by autopsy, and by 
clinical observation. The resultant paralysis is characteristic. The arm 
hangs limp at the side, with the elbow extended, the forearm pronated, 
and the whole arm inwardly rotated. The paralysis is always flaccid. 

It has been conceded by practically all observers that a difficult 
labor is a predisposing factor in the cause of this paralysis. The labor 
is usually long and difficult, and ether or forceps are used (Fig. i). 
All the conditions noted above imply the application of force, com- 
bined with great muscular relaxation of the child — conditions pecu- 
liarly favorable for the production of such an injury. A moderately 
large number have had the head delivered naturally, but the “shoulder 
stuck,” and at that time force w'as applied. 

The presentations are generally vertex or of the face variety, and 
about a quarter breech, the latter classification including versions and 
footlings (Fig. 2). 

The condition of unequal pupils is probably overlooked in some 
cases, and is a most important symptom in that it means definite injury 
to the two lower cords of the plexus and the first thoracic nerve which 
have communicating bands with the cervical sympathetic, or injury in 
the spinal cord itself. The prognosis in these cases is usually not so 
good as in those which do not show this sign. 


T^tes of Paralysis 

There are generally recogni?ed two distinct types of paralyses. The 
more common consists of a lesion which involves the fifth and sixth 
cervical roots and the suprascapular nerve, and produces a paralysis 
ot only the muscles of the upper arm, with the exception of the 
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and possibly the first thoracic as well. Here the whole arm is flaccid, 
there is a wrist drop and there is paralysis of the small muscles of the 
hand (Figs. 8, 9). There occurs also, although rarely, the pure lower 
atm type of paralysis, in which there is no involvement of the upper 
cords of the plexus, the so-called “Klumpke’s” paralysis. In these whole 


KEY: 


PWoV ssMonnal 
= Affrcteii 
•3*^= Gone 



Figs 4, 5 — Chart showtnt: t>pical upper arm Ijpe of ohstctncal paralysis 


arm cases the paralysis is usually the result of stretching the plexus 
(Figs. 10, II) from ovcrcxlension of the arm in head presentation and 
of injurj- to the loner cords of the plc-xus, namely, the seventh and 
^ghth cervical and the first dorsal roots. The paralysis may at times be 
bilateral. It is in this t>-pe that one often sees inequality of pupils 
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supinators. This is known as the “upper arm type,” the 
naralvsis (Fios. S, 4> S)- The less usual variety, the so-called loner 
mm"^or “whole arm” type (Figs. 6, is the result of . "TO no 
only to the fifth and sixth cervical roots, but to the seventh and eigtiin 



Fio 1— Separation oE head and shoulder, with shoulder caught behind the p 
^Nagel ) . - u caught under 

Fio a — Stretching ot nerves by oblique traction when the should 
the pubes. 



Fic. 3 — Upp« arm tyjx of obstetrical paraly^ before operation Note inability 
outwardly, to abduct, and to supinate Note flexion at elbow. 


0 rotate 


. Cbapter loi o 

Types of Paralysis volume iiJ 

and possibly the first thoracic as well. Here the whole arm is flaccid, 
there is a wrist drop and there is paralysis of the small muscles of the 
hand (Figs 89). There occurs also, although rarely, the pure lower 
arm t^e of paralysis, in which there is no involvement of the upper 
cords of the plexus, the so-called “Klumpke’s” paralysis. In these whole 


KEY: 

Normal 
^ : = Affected 


3»=Gonc 



Fics 4, 5 — Chart showmK t>pical upper arm tjpc of obstetrical paralysis 


arm cases the paralysis is usually the result of stretching the plc-xus 
( Figs 10, II) from overextension of the arm in head presentation, and 
of injurj' to the lower cords of the plexus, namely, the seventh and 
eighth cervical and the first dorsal roots. The paralysis may at times be 
bilateral. It is in this type that one often sees inequality of pupils. 
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owing to the (act that Uie IhstteadcTa 

ganglionic plexus enter the spmal !,?«,,«; therefore, to tkse 

at te through the eighth cemca roots. 

roots leads to an uncontrolled stimulation of the moto 


KEY; 
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fiGS 6, j—Typicsl lower or whole atm type of obstetrical patalysi® 

Conditions Resulting prom Impairment oe FoNcno^i 

Pathologically, in the milder cases, the stretching or ^ 

in a greater or lesser degree of hemorrhage or edema into 
sheaths. In others there may be a rupture of the permeuxa 
accompanied by hemorrhage into the substance of the tier ^ 
associated ndth a tearing apart or a separation of the ner 
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Impairment of Function 

This latter condition leads, of course, to a permanent impairment 
of function, and the formation of scar tissue in the nerve tract. 
In the more severe cases of the upper arm type there is a partial or 
complete division of the fifth and sixth cervical roots which leads to a 
more permanent form of paral3rsis than usual, and the formation of a 
more extensive area of scar tissue. 


Fics, S, 9 — Lower arm type of obstetrical panlysis, showing right arm held in extreme 
internal rotation in attempted clev-ation, a charactenstic position 




It has been sho^tm that traction and the forcible separation of the 
head and shoulder put the upper cords, the fifth and sixth cervical 
roots of the brachial plexus, under dangerous tension. This tension is 
so great that the two upper cords stand out like violin sirinns Anv 
sudden force applied with the head bent to the side and the shJuIder 
held would, without question, injure these cords. It has also been 
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shown that forcible abduction and elevation of the arm and shonlder 
put the lower cords of the plexus, the eighth cervical and first thoracic, 
on a stretch, and the application of much force may well lead to a 
tear, rupture, or other injury to these segments. This condition is seen 
in breech cases, with arms extended. It may also follow sudden strain 
when the arm is elevated, such as the so-called “hostler's paralysis,” 
caused by the sudden elevation and strain of the arm which occurs 
when a hostler holds a rearing horse» 

^Vhen the shoulder is held and the hCiid is carried to one side, 
with the clavicle intact, considerable force is necessary to injure the 



nlSon to plexus Fro w, bead and sl'ouW" 

SS ‘he stmeh. Fic. tx, head 

SSt roSf suetebed position oi the ptexut. particularly the 


always gives way first, apparently 

• • Tom traction. Rotation 

■ ' • * onnnrentlv d065 nOi 

gftuiiy iiii-itaM. uie uegree of tension on the plexus and certainly 
enough to cause add.Honal damge. Mc«t Wrth fractures occur fa ^ 
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Conditions Shown by X-Rays 

clavicle, or in the humerus, at about the junction of its upper and 
middle thirds. 

At birth, the shaft of the humerus is nearly wholly ossified, but the 
two extremities are cartjlapnous. The scapula at birth is largely 
osseous, \vith the exception of the glenoid fossa, the coracoid and 
acromial processes, and the posterior border and inferior angle, which 
are still cartilaginous. It is on account of these conditions that frac- 
tures in these regions, at birth, are practically nonexistent. It is not 
possible to produce a paralysis of the Erb type by the fracture of any 
bone but the clavicle, and then the paralysis is due to the plexus injury 
itself, and not alone to the fracture (Fig. 12). 

Conditions Shown by X-Rays. — A study of roentgenograms taken 
in cases of obstetrical paralysis shows the following conditions: 





^SUBCIAVIUS. 

,Si/PBASCAn LAB. 

\Mra-5pinatusJ 

AmCVLO-CUfANEOUS. 

fCemto Bro(7)((ilis\ 
\8iee^t. Broth Jntj 


nsT.mpAcic^. 

(Sirrmtat r>og^}\ 

An.THOHACIc:' 

SUSSCAPUIAB: 

\7*rtt n^or. • 


IHT.CVTAHtOOSXl^"'”' 


Fic IJ— Diipram of a brachial plexus, showinc Erb’s point (represented by a 
circle) and the shaded areas representing injuries which occurred in lower arm, or 
whole arm, types 


First Year. — Bony deformity does not appear in the first year. 
There may be a slight posterior subluxation of the shoulder joint, 
but there is never any acromial deformity evident by roentgenograms 
or clinical examination. No case has been observed where the 
epiphysis has been displaced as far as could be seen by comparison 
With the normal shoulder. The epiphysis, as well as the shaft of the 
humerus is always smaller than the unaffected side, a condition which 
IS undoubtedly due to atrophy from disuse. The scapula is practically 
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shown that forcible abduction and elevation of the arm and shoulder 
put the lower cords of the plexus, the eighth cervical and first thoraric, 
on a stretch, and the application of much force may well lead to a 
tear, rupture, or other injury to these segments. This condition is seen 
in breech cases, with arms extended. It may also follow sudden strain 
when the arm is elevated, such as the so-called “hostler’s paralysis," 
caused by the sudden elevation and strain of the arm widch occurs 
when a hostler holds a rearing horse. 

WTien the shoulder is held and the head is carried to ope side, 
with the clavicle intact, considerable force is necessary to injure the 



plevus. The ^uprnscap^lar ncr\'e always gives way first, 
because U has not so much freedom of play as the others. A frac- 
lurc-d clavuU. of cour^ alhm-s the weght of the shoulder to drag on 
the plexu. and -o pred,. poses to greater tnjurv from traction Rotation 
of the head combined xxuh forcible abiiuctmn apparently does no 
greatly merca-r the degree of tension on the plexus and certainly not 
enough to addu.onaJ damage M,«t birth fractures occur in the 
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Fic X4 — X-ray of case of obstetrical paral)'sis, showing secondary deformity resulting 
from dislocation of bead of radius 
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always elevated and outwardly rotated, due apparently to the pell 
of the intact inward rotators and the levator anguli scapulae. 

Later Years. — As time goes on and the child gets older, one be^ns 
to sec increasing evidence of bony deformity, ^ S'e leva- 

subluxation than at first, increasing outward d.splacementjn^ 
tion of the scapula, and acromial deformity. The de y 





ic 13 — X-ray showing bony defonnny of the shoulder 1 °'”* 

1>MS of the upper arm type, marked hooking or elongatiori ol ttie the 


Fic : 

paralysis of the upper arm type^ marked hooking or elongatiori 01 me u, •- 

eloncation of the coracoid process, and posterior subluxation 01 ‘ ^ j^efore W* 

humerus At operation both these bony obstructions had to be rc"* 
subluxation could be reduced 


acromion consists of a bending doxvnward and forward, or a 
of its outer end, xvhich, apparently having no bony resistance 
as normally in the head of the humerus, projects downwara * 
of the posteriorly subluxated and inwardly rotated head JM”jsub* 
This hooking seems to vary directly with the degree of pos e . 
luxation and inward rotation of the humerus, and tends to > 
as the child gets older, provided subluxation is present. 
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of the upper arm type: The arm lies limp at the side, is extended, 
and is inwardly rotated with complete inability to abduct, elevate, 
outwardly rotate, or supinate (Fig. 15). The muscles paralyzed in the 
typical upper arm type are as follows: deltoid, supraspinatus, infra- 
spinatus, teres minor, biceps and supinator longus, and occasionally 
the serratus magnus, coracobrachialis and supinator longus. The arm 
cannot actually be flexed at the elbow, but as a rule the lower arm 
is not affected so far as flexion and extension of the fingers go. 

Shoulder. — The inability to raise or abduct the arm at the shoulder 
is due to the paralysis of the deltoid and supraspinatus. Outward rota- 
tion cannot be accomplished because of the paralysis of the infra- 
spinatus and teres minor, and the arm cannot be internally rotated 
because the internal rotators — namely, the teres major, the subscapu- 
laris, and the latissimus dorsi — are already fully contracted due to 
lack of opposition (Figs. 16, 17). 

Elbow. — ^The arm cannot be flexed at the elbow owing to the 
paralysis or weakness of the biceps; brachialis ahticus, .coracobra- 
chialis and supinator longus, and supination cannot be carried out 
because of the inward rotation in which the arm is held, and the 
weakness or paralysis of the biceps and supinator longus or brevis. 

Sensation. — In regard to sensation, it may be stated that it has 
been impossible in early cases to determine any changes from the 
normal on account of the age of the patient. During the first week in 
early cases, the child may cry if the arm is handled or moved, espe- 
cially in abduction, but this soon disappears. In one or two cases 
some swelling and tenderness have been noted by palpation over the 
plexus above the clavicle. This condition, however, apparently has 
no connection with the degree of paralysis present. The hand grip is 
usually good, and the child flexes and extends the wrist and fin- 
gers well. 

Later Developments. — The later developments in the upper arm 
cases, as the child grows older and develops, with or without exercises 
and massage, are as follows: The persistence of the inward rotation 
and adduction deformity; the so-called “policemen’s tip” position; the 
inability in most cases to supinate fully or freely, the inability to get 
the hand to the mouth, without raising the elbow, due to inability to 
rotate outwardly; and the inability to put the hand to the head or 
behind the back. 

Typical Lower Arm Conditions. — In the lower arm type, all these 
conditions hold besides the additional ones due to the paralytic condi- 
tions of the lower arm and hand, resulting generally in a useless 
uanghng arm (Fig. rS). 
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Dcjorynity at Elbow . — Contraction of the biceps and brachialis 
anticiis always leads to some degree of permanent flexion deformity 
at the elbow, and not rarely to a subluxalion or even a complete dislo- 
cation of the head of the radius (Fig. 14). Persistence of marked lop 
of power in the triceps is not uncommon and may be a factor in 
causing this condition. 

Roentgenograms of the elbow practically never show any bony 
change of importance. 

It has been suggested that the flexion deformity is due to the conse- 
quent change in shape or depth of the olecranon fossa, which conse- 



Fics. j6, 17 Picture showing elongation of the acromion on the affected side. 


quently acts as a bony block to full and free extension. This /s not s«; 
the Imutation is wholly due to contraction of the anterior elbo 
muscles and can be corrected only by a subperiosteal lengthening 

“ *>y a leithening of the biceps tend^ 
“ tumbuckle splint might occasionally 

accomplish the same thing. 

Typical Upper Arm Conditions._\Vhen the child is first seen,i{ 
within a fen days or weeks after birth, the following picture is clasaO 


Treatment 
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or adduction of the hand. These cases, almost without exception, 
represent severe tearing injuries to the roots of the plexus, and 
although some of the muscles may recover in part, particularly the 
upper arm and shoulder groups, the lower arm cases practically never 
recover, even after attempted operative repair of the plexus. It is in 
these cases that sensation is more apt to be impaired than in the 
usual upper arm type. 



Fig i9_Plaster cast to hold arm abducted, elc%'ated, outwardly rotated and supinated 


Treatment 

First of all, the use oj electricity plays no part in the treatment oi 
these eases. All kinds have been tried and all have been eiven UD as 
'vasteful of time and effort. 
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Atrophy. — Atrophy of the muscles in these cases of obstetrical 
paralysis is never very marked except in some cases of the lower arm 
type. One never sees the extreme atrophy so noticeable in cases of 
infantile paralysis. This lack of marked atrophy Is undoubtedly due to 
tne fact that the nerve impulses are rarely fully blocked; thus the 
muscles practically never, except in rare cases, wholly lose their entire 
innervations. Some normal nerve impulses pass through the scar tissue 
at the site of the lesion, owing to incomplete destruction or injury of 
the nerve, and so keep the muscle tone up to a certain point, There is 
always a definite shortening of the arm in all cases, however, due 
probably as much to nerve injury as to lack of use. 

Nerve Involvement. — In the classification of the .whole arm or 
lower arm tyrpe are placed those cases which show any nerve involve- 



Fio. iS-TVpKal case of lower arm type of obstetrical paralysis Note parslysis and 
contracture of hand. 


cervical ^oots injury of the fifth and sixth 

fissure are not um.^ and narrowing of the palpebf^ 

associated with tWs type. Wrist drop is the usual condition 

bility to extend thp inability to supinate, and the additional ma- 

the wrist Paralysis of the flexors and extensors of 

of the intrinsic muscles with paralysis and atrophy 

hyperextended, and tL ®ften the proximal phalanges are 

interossei or lumbricales to the paralysis of th 

and the fingers cannot Ha ^ere is, of course, no power to gnp 

fe cannot be moved. There is usually ulnar displacement 
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The treatment tit once resolves itself into two divisions: i.e., (hose 
to be treated with mrissage and exercises, principally those of the upper 
arm type; and those to be treated by operation on the plexus, usually 
those of the lower arm type. Unless the early treatment has been 
adequate, the upper arm type will also come to operation, not to repair 
the plexus, but to correct contraction deformities. This operation, 
which has been devised by the author, will be discussed later. 

At first, in order to prevent contraction of unparalyzed muscles, 
it is best to put the arm at rest in a position where such muscles 
cannot become contracted. This may be done by holding the arm in a 
plaster cast (Fig. 19), or by using a light wire splint, in an abducted, 
elevated and outwardly rotated position, with the hand supinated. 
This position should be maintained between massage and gymnastic 
treatment, because it insures a better subsequent position of the arm 
It also takes the drag off the paralyzed muscles, allowing them to 
regain their strength more quickly, and prevents subsequent shoulder 
joint deformity, such as subluxation and acromial hooking. 

Massage and Exercises. — ^Afassage and exercises ^re of the 
greatest irnportance and should be carried out daily if possible, ins 
most unwise to allow a child to become obsessed with the idea that 
it has an arm which cannot be used. The mother is instructed to dress 
the paralyzed arm first but to undress it last. She is told that each June 
she takes up the baby, for nursing or other reasons, she shouW 
straighten out the fingers and wrist and supinate the forearm, a 
shown. Later she is shown how to abduct, outw’ardly rotate, au 
elevate the arm. One has to be guided by the iriteHigehce and adapta* 
baity of the mother as to when it is wise to' ^low her to perform 
these motions. A very good rule to give her is that she is not to do 
anything with the affected arm that she does not see the well arm do* 


Passive and Active ExERcisEs.—The rhythm of exercise is of ut- 
most importance. One will find the singing of nursery rhymes while 
con uc mg the exercises advantageous in developing rhythm and m 
preventing the child from tiring of the exercise. Any suitable 
my be used, but must be sung with life and enthusiasm so as to im- 
press upon the baby the association of the song or rhyme and the 
movement. It is surprising how early the child learns the association of 

method, take the flexion and extension exer- 
finSrl natural for a baby to play with its 

hanS' child from the beginning that it has two 

Lgers and working^ up'‘\he”ar^"^ undressed. Beginning wUh t 
b K up me arm and over the scapula, massage i> 



Massage and Exercises 


Chapter 101 1 K 

Velume llj 






1C fChapter 10 
I Volume « 


Obstetrical Paralysis 


given to increase the circulation and nutrition. Then each finger and 
thumb, first separately and then collectively, is extended and flexed, 
at the same time some kindergarten or nursery song is sung, such^; 

This is little Tommy Thumb, 

Round and fat as any plum. 

This is little Peter Pointer (index), 

Surely lie’s a double jointer. 

This is little Toby Tall (middle finger), 

He’s the biggest one of all. 

This is little Ruby Ring (fourth finger). 

She’s too fine for anything. 

And the little wee one, >Iaybc (fifth finger), 

Is the little finger baby. 



Fig. jj For abduction at shoulder (with palms turned up, arm extended 

Then collectively: 

The little birdies in their nest 
Go hop, hop, hop, hop, hop. 

They try to do their very best 
And hop, hop, hop, hop, hop. 

This h just an example of flexion and extension exercises tor lb® 
fingers. To tram the extensors of the wrist we sing: 

This way, that way, bloii^ the weather vane, 
inis way, that way, bloii'S and blows again, 
turning, pointing, ever showing, 

«ow the merry wind is blowing. 

The emphasis is, of course, always put on the motion necessary 
to train the weaker muscle. 


Massage and Exercises 
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Fic *4 — Elevation of arm, starting po- 
sition for “Yards of ribbon” and "Ready, 
rockets ” 

Fig 25 — Elevation of arm: “Ready, 
Shoot fast ’’ 

Fic 26 — For elevation and abduction of 
all shoulder group muscles This is the 
same as arms upward stretch: “Shoot ” 
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For the supinators (Figs, at, aj)> sing. 

Roll over, roil over, so merry »P'' ''“t 
Jly playfellows dear, come join in my glee. 

Try to have the child meanwhile actively supinate, assisted, of couist, 

if necessary. 



Fio. 27 — For abduction at shoulder. "Pump the water, 


For flexion and extension at the elbow to exercise the hi P 
triceps, sing: 

Up, down, up, down, 

This is the way ive go to town, 

UTiat to buy? To buy a fat pig, 

Home again, home again, rig-a-gig-gig* 


and 



Cli»ptet 10] IQ 
Volum# Jli 


Massage and Exercises 

Of course, at first, and for a long time, one must not only actively 
assist the child with these exercises but must also perform them while 
the child is passive. 

For abduction at shoulder, the position shown by Figure 23 is used, 
except that the 'forearm is supinated. With the exercises, sing: 

One yard of ribbon. 

Two yards of ribbon, 

Three yards, four yards, 

And tie a big bow on your hair. 

elevation of arm (Figs. 24, 25, 26), sing: 

Ready, rocketsl Shoot! 

Repeat six or eight times. This is the same as arms upward stretch. 
Starting with the arms bent or flexed at elbow, stretch straight above 
head with palms facing each other. This is for exercise of all shoulder 
group muscles concerned in elevation and abduction. 

For abduction at shoulder, hold the arm externally rotated, semi* 
flexed at the elbow, with forearm supinated. Bringing it to full abduc* 
tion and then to body, somewhat after the manner in which the old* 
fashioned pump worked (Fig. 27), sing: 

Pump the water, pump the water, 

Pump, pump, pump. 


The exercises for the upper arm and shoulder may be carried out 
with the child lying on its back; or if an older child, it may sit up 
with its back against a straight chair or wall. The scapula should 
always be controlled by direct hand fixation. 

For external rotation hold the forearm flexed at right angles, 'nith 
forearm supinated and upper arm close to the body of the child (Fig. 
28). Then carry it back till the thumb touches the table (Fig. 29), 
and returning to starting position, describing a semicircle down\>’ard 
3o)» sing: 

Grind the coffee, grind the coffee, 

Grind, grind, grind. 

^\Tiile circumducting the arm, sing: 

Crank the auto (up), 

Crank, crank, crank. 


This exercise stretches the adductors and internal rotators at th( 
shoulder. 

This covets all the motions ot the upper extremity. Each case re 
quires special emphasis on different motions. This rests with thi 
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For the supinators (Figs. 21, 22), sing: 

Roll over, roll over, so merry and free, 

^ly playfellows dear, come join in my glee. 

Try to have the child meanwhile actively supinate, assisted, of course, 
if necessary. 



Fio. 27— For abduction at shoulder: "Pump the water,” etc. 


For flexion and extension at the elbow to exercise the biceps and 
triceps, sing: 


Up, doivn, up, 


down 
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condition of the arm, and must be left to the operator’s judgment, 
or the doctor’s prescription for treatment. 

When one finds a contracted pectoral, subscapularis, or teres major, 
one must be sure to fix the scapula while elevating and externally 
rotating the humerus. A contracted pectoral in a baby may be over- 
come by faithful treatment. The older babies and children seen (one 
to twelve years) usually have contractures of the pectoral, subscapu- 
laris, and teres major, and occasionally of the pronator radii teres. 
These cases, in addition to the treatment described, are put up in a 
ware splint, which fits over the pelvis and holds the arm in position of 
external rotation, semiflexion and supination. These children should 
be given the exercise of hanging on stall bars, or a trapeze. 

Whole or Lower Arm . — In the whole or lower arm type, it is advis- 
able to give three months’ treatment, and if the fingers do not then 
show a tendency to recover, it may be well to explore the brachial 
plexus and repair the nerves if possible. These cases are most dis- 
couraging. No improvement is hoped for before a year, I have seen 
a few of these babies begin to have the slightest amount of flexion of 
the fingers in from six to twelve months, and very slowly improve. 
By the end of the third year, they are beginning to build blocks. It is 
the feeling of nearly all the medical profession that it is useless to do 
any nerve surgery in these cases. When these children begin to get 
motion in their fingers, they are taught to build with blocks (using col- 
ored blocks two inches square), put large colored pegs in a pegboard, 
and string beads (the large colored kindergarten beads). A child suf- 
fering from upper arm obstetrical paralysis can be taught to build 
blocks as early as five or six months, provided its training has been 
started early. After the exercises, the child is again given the arm 
massage to rest the muscles. 

Children naturally are imitators and live in the land of make-believe. 
If the operator, when treating a child between two and six years, has 
sufficient sympathy with him, she will find him of the greatest help 
in improvising games. All she will have to do is to direct the execution 
of the movements so as to bring into play the muscles which she 
wishes to develop. \\Tien treatment has not been started until after 
the child is a year and a half old, the first thing the operator must 
do is to gain its confidence. Once this is accomplished, there is pretty 
clear sailing. She should never deceive a child. With tact, sufficient 
patience, and sympathy, she can get it to tr>’ everything, and to allow 
her to exert considerable strength in stretching contractures. 

The treatment should be continued for several years at least and 
if contractures develop in the subscapularis and pectoralis rnajor 
they must be divided before any further range of action in the arm is 
to be hoped for. 


Author’s Operation.— •Teciinic.— An incision is made on the an- 
terior aspect of the arm, beginning at the lip of the acromion and 
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condition of the arm, and must be left to the operator’s judgment, 
or the doctor’s prescription for treatment. 

llTien one finds a contracted pectoral, subscapularis, or teres major, 
one must be sure to fix the scapula while elevating and externally 
rotating the humerus. A contracted pectoral in a baby may be over- 
come by faithful treatment. The older babies and children seen (one 
to twelve years) usually have contractures of the pectoral, subscapu- 
latis, and teres major, and occasionally of the pronator radii teres. 
These cases, in addition to the treatment described, are put up in a 
wire splint, which fits over the pelvis and holds the arm in position of 
external rotation, semiflexion and supination. These children should 
be given the exercise of hanging on stall bars, or a trapeze. 

Whole or Lower Arm . — In the whole or lower arm type, it is advis- 
able to give three months’ treatment, and if the fingers do not then 
show a tendency to recover, it may be well to explore the brachial 
plexus and repair the nerves if possible. These cases are most dis- 
couraging. No improvement is hoped for before a year. I have seen 
a few of these babies begin to have the slightest amount of flexion of 
the fingers in from six to twelve months, and very slowly improve. 
By the end of the third year, they are beginning to build blocks. It is 
the feeling of nearly all the medical profession that it is useless to do 
any nerve surgery in these cases. When these children begin to get 
motion in their fingers, they are taught to build with blocks (using col- 
ored blocks two inches square), put large colored pegs in a pegboard, 
and string beads (the large colored kindergarten beads). A child suf- 
fering from upper arm obstetrical paralysis can be taught to build 
blocks as early as five or six months, provided its training has been 
started early. After the exercises, the child is again given the arm 
massage to rest the muscles. 


Children naturally are imitators and live in the land of make-believe. 
If the operator, when treating a child between two and six years, has 
sufficient sympathy with him, she will find him of the greatest help 
in improvising games. All she will have to do is to direct the execution 
of the movements so as to bring into play the muscles which she 
wishes to develop, treatment has not been started until after 

the child is a year and a half old, the first thing the operator must 
do is to gain its confidence. Once this is accomplished, there is pretty 
clear sailing. She should never deceive a child. With tact, sufficient 
patience, and sympathy, she can get it to try everything, and to allow 
her to e.xert considerable strength in stretching contractures. 

The treatment should be continued for several years at least and 
U contractures develop in the subscapularis and pectoralis major 
hey must be divided before any further range of action in the arm is 
to be hoped for. 


Author’s Operation.— ’Technic— An incision is made on the 
tenor aspect of the arm, beginning at the tip of the acromion 
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carried down to below the insertion of the pectoralis major (Fig. 31). 
The cephalic vein is found generally in the outer edge of the ^ound 
and tied or drawn aside. The tendinous insertion of the pectoralis 
major is defined, raised on an instrument, and divided all the way 
across. The pectoralis major muscle is then retracted inward ou^f 
the way, giving one a clear view of the axilla and shoulder joint. The 
arm should now be abducted fully and rotated outward as far as 
possible. • . , 

Following the division of the pectoralis major, the range of motion in 
abduction will be greatly increased. Outivard rotation will, however, 



of Sctoral At™ i"'* “oJalion of pectoralis major. Cephalic vein at 

maMon abducted and rotated ourinsert shows position of arm and In'* 


- ‘'«= f“l'y abducted and 

Thk of fho coracobrachialis >s “ I' 

Th^^nrinn of td™ on the coracoid process of ‘be scapn^; 

scanuliris It is ,5'’'^™*’™bialis obscures the insertion of the 

■s generally much elongated, by rae^s ofan osStomy. This alIo'« 
the coracobrach,al.s to slide dormward out of fte way and gives 
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a much clearer field to see the insertion of the subscapularis, which 
then comes into view. Just below this latter tendon are always found 
two or three small veins running parallel to the lower edge. 

The best way to divide the tendon is to pass under it some blunt 
instrument and so define it. It is of the utmost importance that the 
shoulder Joint should not be opened (Fig. 32), The tendon of the 
subscapularis should always be identified and lifted up before it is 
divided. Blind cuts along the capsule do more harm than good and 
should never be made. Following the division of the subscapularis the 



Fic 3J — Sound under subscapubr icndon The pectorahs major has been divided The 
j'oint capsule shows at bottom of cavity. 


outward rotation and the abduction are entirely free. If at this stage 
there is still some subluxalion of the head of the humerus which 
cannot be fully reduced, an osteotomy of the acromion should be 
performed and the loose distal piece either removed or tilted up to 
allow the head of the humerus to slip back into the glenoid. The 
wound is then closed with a few stitches uniting the fascia and a silk 
stitch through the skin. No drainage is required. Usually very little 
bleeding takes place. The arm is then placed on a wire splint which 
holds 11 elevated to or above the shoulder level, abducted and fiillv 
rotated outwardly with the hand in full supination (fS- 33, 34)^ 
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carried dornt to below the inscrlion of llic 

The cephalic vein is found generally in the ^ctoralis 

and tied or drawn aside. The 

major is der.ncd, raised on an '"f I 

across. The pcctor.ahs major_ muscle is ^ joint. The 

the way, giving one a cle.ar view of the .asilla and , j ^ 

arm should now be abducted fully and rotated outward as » 

’’°Fdloiving the division of the peclor^is major, 
abduction will be greatly incre.iscd. Outward rotation , 



Fic incision and isolation of pwtoralis major. Cephalic line o’ 

of pectoral Arm abducted and rotated out Insert shows posilmn ot a 
incision. 


be somewhat limited. With the arm fully abducted to be 

rotated, the insertion of the tendon of the coracobracniajjs 
defined. This tendon is inserted on the coracoid process ot ^ gob- 
The tendon of the coracobrachialis obscures the insertion o ^ 
scapularis. It is, therefore, necessary to separate the i,j)dreo 
coracobrachialis from the coracoid process, which in gUotvs 

is generally much elongated, by means of an osteotomy. ^ ^ne 
the coracobrachialis to slide downward out of the way and 
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At the end of ten days' massage baking and 

arc continued daily, or at least four times a week. The spun 

be worn night and day for at least stitched and 

The operation merely releases contrartions, g''>"S 
partly paralyzed muscles a chance to tk utmost importance, 

and consequently the advantageous to divide 

In a certain number of ca^s it has been fmi contracted and, 

the pronator radii teres. This muscle and tends to cause 

unless released, it helps to i>revcm free he found and 

the recurrence of its linnlation. ^is ^ subsequent to the 

divided by another incision on the upper forearm, s 4 
shoulder operation. 


Fics 33. 34 — Splint used after operation FiC. 33> ' 

Experience has sho™ that the operation on atm 

usual upper arm type of case is unnecessary. In the strongu 

of ease, the situation is quite different. Also, it cannot use 

emphasized that no operation on the plexus will be oi 
in restoring functional activity to the arm, unless co ^jjsted 
restricting muscles are divided, and careful after-treatm 
in for a long period. ple^‘ 

In the lower arm type of case, operative treatm^t on jr 

has been done a number of times without any benefit, i ^n( 

all cases was found to be so badly torn, and so bouno 
invaded by scar tissue, that no kind of repair was possible. 
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CHAPTER ELE\^EN 


PHYSICAL THERAPY IN THE PREVENTION AND 
CORRECTION OF CERTAIN DEFORMITIES AND 
DISABILITIES OF THE EXTREMITIES 

Philip Lewin, M.D., F.A.C.S. 


Introduction 


This chapter was writien from the viewpoint of an orthopedic sur- 
geon. The specialty of orthopedic surgery cannot be easily defined. 
I have diagrammatized the definition as follows: 


Prevention I 

and Vof Deformity 
Correction J 


Orthopedic Surgery is the 
Science of the 


and the 


Preservation 

and 

Restoration 


•of Motor Function 


As an example of a disease which involves every factor in this 
definition, I would cite infantile paralysis. If deformity is not pre- 
vented it must be corrected; if motor function is not preserved it will 
have to be restored. Physical therapy is one of the most valuable 
agents in the preservation and restoration of motor and locomotor 
functions. 

The scope of this chapter includes conditions caused by congenital, 
traumatic, infectious, neurologic, circulatory, metabolic, endocrine, 
neoplastic and miscellaneous factors, in so far as they have not been 
discussed in other chapters. 

Speaking in general terms, the orthopedic surgeon is partial to the 
followng physical therapy measures; rest, traction, temporary immo- 
bilization, support, radiant heat, gentle massage, active motion, under- 
water gj’mnastics, sinusoidal current and diathermy. 

The reader is concerned with knowing and understanding, and the 
orthopedic surgeon with discussing, the indications for the use of 
physical therapy agents, in what conditions physical therapy is indi- 
cated, when to start, when to stop, what to prescribe and when not to 
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have been due to two things: first, to the fact that it was impossible 
to repair the plexus; and second, to the fact that, granted that the 
plexus repair was in part possible, the muscular contractures and joint 
deformities were not recognized and properly treated, without which 
the plexus repair would be a waste of time and effort. 

Value of Operation. — The prognosis in all upper arm types of 
cases is good, provided the case is watched from the start and the 
treatment is properly carried out. Practically all patients with upper 
arm paralysis are able to raise the arm to the shoulder level and can 
use the hand and lower arm well, except for varying degrees of supina- 
tion (Fi^. 35, 36, 37). Abduction and outward rotation are rarely 
regained without division of the contracted muscles, provided they 
have been allowed to contract. 

In the lower arm type, the outlook is not so good, although many 
of the cases regain use of the upper arm in spite of the persistent 
paralysis of the lower arm and hand. These cases should all be ex- 
plored for repair of the plexus as far as possible, but even then very 
little hope can or should be held out to the parents. The general pnn* 
ciples of treatment should, however, be carried out over a long period 
of time. Much can be done along orthopedic lines for these cases. 

^ generally neglected as they have been in the past, 
with the statement that nothing can be done, or that they will get 
well without treatment. 



A technician may be compared to an efficient midNvife; she may be 
very clever and capable but does not know the why or wherefore. She 
must understand the underlying pathology of the conditions she treats. 

It is difficult to prove the value of physical therapy. The explana- 
tion of the production of results is bound up in several factors, some 
of which are as follows; 

1, The effect upon the circulation, locally and generally. 

2. The local absorption of tissue products. 

5. Relief from pain. 

4. Relaxation of muscle spasm. 

5. Release of adhesions. 

6. Increase in movements. 

7. Raising the threshold of the patient’s resistance. 

8. The psychologic effect during the various stages of disease, injury 
or disability. 

It is within the limits of definition that the agents or agencies dis- 
cussed in this chapter are physical therapeutic in nature, or accom- 
plish their effects by physical therapeutic phenomena. 


Trauma 

Trauma may be acute or continued. Acute trauma may be mild or 
severe. Continued trauma may be mild or severe. As an example of 
mild continued trauma, one should consider the pianist and the ballet 
dancer Under severe continued trauma, one may consider the iceman, 
the plumber, the piano-mover and other individuals who carry or lift 
heavy objects. 

Every movement of a joint causes trauma. If the circulation is good, 
the effects of the trauma are repaired immediately. If repair does not 
progress as rapidly as destruction, a pathologic condition results. If 
circulation is impaired, the defect is not repaired, and an area of 
pathologic change is formed. 

The joints most liable to trauma are those of the feet, the fingers, 
wrist, knee, shoulder, elbow and the hip. 

In a discussion of trauma, one may consider trauma as the only 
factor, trauma as the precipitating factor and trauma which exagger- 
ates a preexisting condition. As an example of trauma as the only 
factor, one may consider fracture of the os calcis in a normal indi- 
vidual. As an example of trauma as a precipitating factor, consider the 
case of an overweight woman of 50 years, who has asymptomatic 
arthritis in both knees; she falls and injures one knee, lighting up an 
arthritis As an example of trauma exaggerating a preexisting con- 
dition, one may consider a knee joint that has a low-grade arthritic 
condition which is affected by changes of weather but is perfectly 
serviceable until the woman falls on the sidewalk, bumping her knee 
which results in pain, swelling and disability. ’ 
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employ physical therapy. It is veiy important to know what procedure 
to follow in the case of partially or completely stiff joints. One must 
determine whether rest or movement is indicated. He must determine 
what type of rest, how long it is to be continued, whether it is to ^ 
intermittent or continuous, or whether it should be accomplished by 
posture in bed, sandbags, slings, traction, splints, braces or plaster-ol- 
paris casts. If movement is indicated, what type of movement, at what 
intervals it is to be carried out, when it is to be started, and what are 
the danger signals. Wien in doubt, one may try movements very wu- 
tiously and at infrequent intervals. The reader is referred to other 
chapters on this subject and to the writings of Sir Robert Jones, 
Physical therapy is more closely ^^sociated ivith orthopedic surgeiy 
than with any other branch of medicine because the orthopedic s 
geon employs physical therapy in almost all his work. He ° ’ 

keenly interested in the progress and development of physical 
No orthopedic surgeon today can secure perfect results vnthou 
use of physical therapeutic agents. If this statement is true ^ 

the orthopedic specialist, one can readily understand how . 

important it is to the general practitioner who is so olten com 
with these same conditions. , lUg 

Physical therapy aims primarily at treating the pathology, 
ctiolo^, of diseases, deformities and disabilities. r^Vivsical 

Various orthopedic conditions in which the treatment ot p y 
therapy may be of benefit arc lumbago, sciatica, 
bursitis, scoliosis, poliomyelitis, spastic paralysis, brachial P« y» 
dustrial conditions of the bones, joints and nerves, and distu 
of the back, knee, shoulder and other regions. tFiooedic 

The treatment should be under the supervision of the or ^ 
surgeon. The cooperation of the patient is of paramount imp 
because so often the treatment is long and tedious. ^ of 

The administration of physical therapy should be in .uy 

a trained individual. By that is meant one who not only thoT0“6 ,? 
understands the technic of all branches but has had in 
cal training, in order to direct the treatment intelligently and to PF 
mate the dangers that may result from ignorance or from er 
omission and commission. . . 

Physical therapy is an important therapeutic agent but it 
limitations, and unless it is used with discretion much harm may 
done, and a valuable adjunct in the treatment of many 
medu^ conditions, especially orthopedic, may be lost to use, thro^g^ 
Its falling into bad repute either as a result of exaggeration and 
warranted daims or of ill-advised or improper administration. . | 
should understand the principles of P. J 
m should understand the technic sufficiently well to be ^ 

to supervise the administration even when given by a 
S "as phyJ^aUheraS. is used as a curative 

agent as well as to restore or improje function. 
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A technician may be compared to an efficient midwife; she may be 
very clever and capable but does not know the why or wherefore. She 
must understand the underlying pathology of the conditions she treats. 

It is difficult to prove the value of physical therapy. The explana- 
tion of the production of results is bound up in several factors, some 
of which are as follows: 

1. The effect upon the circulation, locally and generally. 

2. The local absorption of tissue products. 

3. Relief from pain. 

4. Relaxation of muscle spasm. 

5. Release of adhesions. 

6. Increase in movements. 

7. Raising the threshold of the patient’s resistance. 

8. The psychologic effect during the various stages of disease, injury 
or disability. 

It is within the limits of definition that the agents or agencies dis- 
cussed in this chapter are physical therapeutic in nature, or accom- 
plish their effects by physical therapeutic phenomena. 


Trauma 


Trauma may be acute or continued. Acute trauma may be mild or 
severe. Continued trauma may be mild or severe. As an example of 
mild continued trauma, one should consider the pianist and the ballet 
dancer. Under severe continued trauma, one may consider the iceman, 
the plumber, the piano-mover and other individuals who carry or lift 
heavy objects. 

Every movement of a joint causes trauma. If the circulation is good, 
the effects of the trauma are repaired immediately. If repair does not 
progress as rapidly as destruction, a pathologic condition results. If 
circulation is impaired, the defect is not repaired, and an area of 
pathologic change is formed. 

The joints most liable to trauma are those of the feet, the fingers, 
wrist, knee, shoulder, elbow and the hip. 


In a discussion of trauma, one may consider trauma as the only 
factor, trauma as the precipitating factor and trauma which exagger- 
ates a preexisting condition. As an example of trauma as the only 
factor, one may consider fracture of the os calcis in a normal indi- 
vidual, As an example of trauma as a precipitating factor, consider the 
case of an overweight woman of 50 years, who has asymptomatic 
arthritis in both knees; she falls and injures one knee, lighting up an 
arthritis. As an example of trauma exaggerating a preexisting con- 
dition, one may consider a knee joint that has a low-grade arthritic 
condition which is affected by changes of weather but is perfectly 
serviceable until the woman falls on the sidewalk, bumping her knee 
which results in pain, swelling and disability. ’ 
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employ physical therapy. It is very important to know what procedure 
to follow in the case of partially or completely stiff joints. One must 
determine whether rest or movement is indicated. He must determine 
what type of rest, how long it is to be continued, whether it is to he 
intermittent or continuous, or whether it should be accomplished by 
posture in bed, sandbags, slings, traction, splints, braces or plaster*of* 
Paris casts. If movement is indicated, what type of movement, at whai 
intervals it is to be carried out, when it is to be started, and what are 
the danger signals. AMien in doubt, one may try movements very cau- 
tiously and at infrequent intervals. The reader is referred to other 
chapters on this subject and to the writings of Sir Robert Jones. 

Physical therapy is more closely associated with orthopedic surgery 
than with any other branch of medicine because the orthopedic sur- 
geon employs physical therapy in almost all his work. He is, therefore, 
keenly interested in the progress and development of physical therapy. 

No orthopedic surgeon today can secure perfect results without 1 e 
use of physical therapeutic agents. If this statement 


use oi physical therapeutic agents. If this statement is true coui-ci*' & 
the orthopedic specialist, one can readily understand how much more 
important it is to the general practitioner who is so often confron 
with these same conditions. 

Physical therapy aims primarily at treating the pathology, not 
etiology, of diseases, deformities and disabilities. , . i 

Various orthopedic conditions in which the treatment of pnysi^ 
therapy may be of benefit are lumbago, sciatica, brachial neuniis, 
bursitis, scoliosis, poliomyelitis, spastic paralysis, brachial 
dustrial conditions of the bones, joints and nerves, and dvstutba 
knee, shoulder and other regions. , 

The treatment should be under the supervision of the ortnop 
surgeon. The cooperation of the patient is of paramount impQtW 
because so often the treatment is long and tedious. t. j nf 

The administration of physical therapy should be in the hands o 
a trained individual. By that is meant one w’ho not only 
understands technic of all branches but has had in addition m 
cal training, in order to direct the treatment intelligently and to app 
ciate the dangers that may result from ignorance or from error 
omission and commission. 

therapy is an important therapeutic agent but it J 
it is used with discretion much harm may 
a valuable adjunct in the treatment of many jj 

mediwl conditions, especially orthopedic, may be lost to use, throug^ 

^ a result of exaggeration and u 

warranted claims or of ill-advised or improper administration. . 
very physician should understand the principles of phy . 

svackntly well to be 

to supervise the administration even when riven by a compete 
pS^Luharafy is use'll as a eurab.^ 
agent as well as to restore or improve function 
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A technician may be compared to an efficient midwife; she may be 
very clever and capable but does not know the why or wherefore. She 
must understand the underlying pathology of the conditions she treats. 

It is difficult to prove the value of physical therapy. The explana- 
tion of the production of results is bound up in several factors, some 
of which are as follows: 

1. The effect upon the circulation, locally and generally. 

2. The local absorption of tissue products. 

3. Relief from pain. 

4. Relaxation of muscle spasm. 

5. Release of adhesions. 

6. Increase in movements. 

7. Raising the threshold of the patient’s resistance. 

8. The psychologic effect during the various stages of disease, injury 
or disability. 

It is within the limits of definition that the agents or agencies dis- 
cussed in this chapter are physical therapeutic in nature, or accom- 
plish their effects by physical therapeutic phenomena. 


Trauma 


Trauma may be acute or continued. Acute trauma may be mild or 
severe. Continued trauma may be mild or severe. As an example of 
mild continued trauma, one should consider the pianist and the ballet 
dancer. Under severe continued trauma, one may consider the iceman, 
the plumber, the piano-mover and other individuals who carry or lift 
heavy objects. 

Every movement of a joint causes trauma. If the circulation is good, 
the effects of the trauma are repaired immediately. If repair does not 
progress as rapidly as destruction, a pathologic condition results. If 
circulation is impaired, the defect is not repaired, and an area of 
pathologic change is formed. 

The joints most liable to trauma are those of the feet, the fingers, 
wrist, knee, shoulder, elbow and the hip. 


In a discussion of trauma, one may consider trauma as the only 
factor, trauma as the precipitating factor and trauma which exagger- 
ales a preexisting condition. As an example of trauma as the only 
factor, one may consider fracture of the os calcis in a normal indi- 
vidual As an example of trauma as a precipitating factor, consider the 
case of an overweight woman of 50 years, who has asymptomatic 
arthritis in both knees; she falls and injures one knee, lighting up an 
arthritis. As an example of trauma exaggerating a preexisting con- 
dition, one may consider a knee joint that has a low-grade arthritic 
condition which is affected by changes of weather but is perfectly 
serviceable until the woman falls on the sidewalk, bumping her knee 
which results in pain, swelling and disability. ’ 
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Forms or Therapy 

All forms of therapy, or treatment, can be divided into four types, 
viz: 


1. Medical 

2. Surgical 

3. Mental 

4. Physical 

All forms of therapy not included in the first three must, therefore, fail 
into Class 4. 

Class 4, or physical therapy, includes the following: 

1. Rest 

2. Heat — thermotherapy 

3. Fever therapy 

4. Massage 

5. Hydrotherapy 

6. Electrotherapy 

7. Heliotherapy — phototherapy — actinotherapy 

8. Mechanotherapy including the respirator . 

9. Medical gymnastics — exercises, swimming, underwater gy 

nasties 

10. Occupational therapy-curative workshop 
It. Support 

12. Immobilization 

13. Manipulative therapy 
14* Aids in locomotion 

Electrical apparatus is overrated and used frequently 
time and manual labor. No one method is a cure-all or advisau 


every case. ^ 

There ate indeed very few practitioners of medicine and 
who have sufficient information to advise the physical therap 
actly what to do for their patients. They should, however, staic 
diagnosis, the pathology and the reason for sending the 
physical therapist, telling him what is desired in the way of tr 
of the pathologic condition and whether it is an atrophy, an nyF 

trophy, an exudate or whatever it may be. , .-H.-ttion 

In prescribing physiol therapy, one should consider the s 
anmogous to sending a prescription to the druggist. 

Daily treatment may he too frequent. , .tortov, 

Many patients do not do well under ambulatory physical therau» 
who would, if they were recumbent 
Advice to the physical therapist: 

Do not try to cure the patient in one or a few treatments, 
cannot often be done. 
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Do not discuss other cases or other doctors with patients or 
doctors. 

Do not talk too much. 

Do insist upon knowing the pathology. 

Do carry out the doctor's orders like a druggist would fill a 
prescription. 

Beware of deep massage over hairy areas in cases of myositis of 
the neck and lower back. 


The physical therapist too often uses his or her own hands instead 
of encouraging the patient to use his or her own muscles and move his 
or her own joints. 

The importance of the early application of physical methods of 
treatment is becoming increasingly appreciated. It is important that 
physical therapy should be applied only by those qualified to do so by 
special training and experience. A knowledge of anatomy and physi- 
ology is fundamental. Much harm can be done and unfavorable 
criticism broadcast by misapplied physical therapy. 

Rest. — Rest includes rest in bed Rest to the body and limb is 
accomplished by the use of casts, splints, braces, frames and sandbags. 

Bed — Recumdzncv. — Most mattresses sag in the middle, from the 
sides and both ends. For that reason, they should be made rigid by 
inserting boards or a wooden frame between the mattress and the 
spring. In some cases, a double mattress is desirable with the boards 
or wooden frame under the lower mattress. This is of considerable 
value in back and leg cases, especially for those patients who are in 
plaster of paris. 


Heat.— TAcrmo/Acru/’y is the application of heat or cold or both, 
alternately, as a means of treatment The chief agents are dry heat 
moist heat, cold, and alternate heat and cold. The methods of adminis- 
tering these agents are as follows: 


Dry heat 


Hot W’ater bag 
Hot sand 
Hot brick 
Electric pad 

Electric lights — cabinet-baker 
Hot metal flask 
Hot chemical bag 
Hot air blower 

fHot baths 

Hot applications with or without druus 
[Steam baths ® 


Moist heat 
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{ Ice bag 
Cold applications 
Cold air blower 

Contrast heat 
and cold ’ . 

Applications 

Heat may be produced by ointments^ liniments and plasters. 
Plasters, adhesive and bandages serve to retain the patient*s own 
heat. 

Pilocarpine, Mo of a grain hypodermically, is frequently used in 
connection with heat in order to induce early perspiration. 

The chief indications for thermotherapy are sprain, strain, fibrositis, 
myositis, arthritis and after various traumas. 

In discussing radiant heat, Putti contrasts the effect of diathermy 
and the spirit lamp. He believes that the so-called Bier box, which 
consists of a wooden case containing a current of hot air produced by 
a spirit lamp, is superior to diathermy. He believes that the beat which 
produces this type of active hyperemia is the most effective form of 
physical therapy in the treatment of infectious or traumatic inoii* 
articular arthritis. Under the action of intense heat the pain diminishes, 
relax, and the joint becomes more mobile. 

^ “utti emphasizes the importance of active hyperemia. The mecha- 
nism by which hyperemia acts is a complex one and not completely 
understood. Vasodilatation, by activating the interchange of body 
power of defense, contributes to the neutraliza- 
° stimulates the processes of repair and, by an inhibitory 

action on the nerve endings, reduces the pain. 

^ Russian room is one which is provided with live steam 

Tfi? beneath a table through perforated metal pip^s. 

tion Th ^ is the production of increased cutaneous elinuna 

tion. The same holds true for the electric light cabinet. 

I tove seen the paraffin was bath used » 
Armour It Hospital in Liverpool by Mt- 

temperature of ^^Pucially in industrial hand and foot cases. 

tu^rculous painfuT .*^?“™’'''iroNs, — In the treatment of non- 

used in coniunctinn ’ the application of an anodyne loh . 

hly favorite lotion has the f„n„;rf„g 



Massage 


Chipter 111 7 
ToiQme IlJ ' 


B Tinct. opii 3 ° 

Liq plumbi subacet. dil 40 
Phenolis 54 /« 50 

Ext hamamebdis 60 


M et ft lotio 

Si? . Externally as directed. 

It is used in the followng manner: 

1. Apply four layers of gauze over a wide area. 

2. Saturate the gauze with the lotion after the 
bottle has been well shaken, 

3. Apply oiled muslin, oiled silk or rubber 
sheeting. 

4. Apply flannel or wool wung out of hot 
water. 

,5. Apply oiled muslin, silk or rubber sheeting. 
'6. Add hot water bottle. 

7. Cover everything with Turkish towels. 

If possible, elevate the affected part. Change hot water bottle every 
two or three hours if necessary. Add lotion to gauze three times a day. 

Fever Therapy. — Fever therapy includes the reaction obtained by 
the intravenous injection of foreign protein such as typhoid vaccine, 
aolan and milk; and subcutaneously, by Coley’s toxin. 

The subject of fever therapy is discussed by Neymann in Volume I. 
From the orthopedic point of ww, it is indicated in certain cases of 
arthritis and circulatory disturbances. 

Massage. — Massage may be of various types as regards move- 
ments and force applied. Olive oil, cocoa butter or talcum may be 
used to prevent irritation of the skin. Massage is useful in assisting 
nutrition and mobility. 

Massage is indicated especially in sprains, strains, dislocations, 
fractures, stiff joints, follo^ving amputation, following infantile paral- 
ysis, peripheral nerve injuries and occasionally in spastic paralysis. 

It is of real value in the preoperative and postoperative treatment 
of infantile paralytic conditions. Mennell says that in the treatment 
of recent injuries, one cannot heal tom fibers by massage, but he can 
assist in restoring the circulation upon which the repair depends. 

It is claimed for massage that it promotes metabolism, maintains 
nutrition, restores strength to weak muscles, prevents formation of 
adhesions and helps break them up if already formed, breaks up fibro- 
sis. hastens repair after injury, prev'ents and helps restore lost function 
in muscles and joints, and renders voluntary motion in diseased or 
injured parts easier. 


Compartment A 

Compartment B 
Compartment C 
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Reference to various chapters in this series shows one the wide 
scope of usefulness of massage. Massage should be used as soon as 
possible and should be very gentle at first, gradually increasing in 
strength or severity. 

The contraindications for massage are hypersthesia in poliomyelitis, 
pain and infection. In cases of fracture or dislocation there is danger 
of displacing the bone fragments. 


Hydrotherapy. — ^Hydrotherapy is the application of water at vari- 
ous temperatures and pressures and with various constituents. 

Its value lies in the effect upon the circulation of the skin and the 
tonic action upon the nerves locally and generally. The chief pieces 
of apparatus are the shower, needle-spray, hose-spray, and the sitz 
and whirlfwol baths. The last is a bath for the extremities in wmen 
the water is kept in motion. 

The application of hydrotherapy to the upper and lower extremiues 
is valuable, especially in sprains, strains and infections. 

The Short Cold Bath. — Riley presents a complete and 
study of the effects of the short cold bath, meaning a bath at iro 
90 to 55® F., for one-half to three minutes {usually one minutej. 


Electrotherapy.— Electrotherapy is the application ol 
as a therapeutic measure. The chief types of currenU as desenuen V 
Kovacs are: (i) the galvanic, (2) the interrupted 
slow (galvanic) sinusoidal, (4) the surging or interrupted sinu oioa 
(modulated alternating), (5) the faradic (asymmetric) mterrup 
dternatmg, (6) the high frequency (diathermy) and (7) 

There is a great advantage in bed treatment as compared with a 
latory treatment. It is of greater value to bring the apparatus to i 
patient than to put the patient on a stretcher or in a wheel •. 
ransport him or her to the apparatus. Diathermy and the , 
current are the most valuable forms from an orthopedic standpo^- 
Electric cabinets, bakers and lights owe their chief virtue to the p 
duction of heat. 

‘"‘’'.''=‘‘'“''5 for diathermy consist in those conditions where 
?hr»i. ™ ‘l.yolonble, such as in sprains and strains, synovjM. ^ 
in the n fibrositis. Diathermy should be very carefully u 

“■'i presence of near or distant suppuration. 
miKcuIa^t^n on apparatus for producing gradual 

fibrositis aMhM?'™ 5"“* indicated in sprains and strains, my ’ 
fibrositis, arthritis and atrophy of muscles. The present Smart e»j 

wav into Amprifn through the en 

, ,tus and 15 pro^ 

raduated muscle 
, of muscles fro 
. ither factors, 5 ”“ 

“liopwic type. 


found its 

aWv ■ ■ ■ ■ 
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Among the pathologic disturbances most amenable to diathermy 
are sprained joints, inflammatory phenomena accompanying fractures, 
simple arthritis and many forms of inflammation •without suppuration 
in which heat tends to hasten the resolution of the inflammatory 
products and thus shorten disability. Acute and subacute neuritis, such 
as sciatic neuritis, and myositis, such as lumbago, often respond ex- 
tremely well to diathermy. Certain forms of acute and subacute 
gonorrheal inflammation likewise yield more quickly under diathermy. 
In these conditions relief from pain is one of the outstanding advan- 
tages of the treatment. 

In the chronic forms of arthritis the effect of diathermy is not so 
uniformly striking. In many cases, however, partial or complete relief 
from pain and reduction of swelling is obtained. 

If diathermy treatment is instituted at a reasonably early date, the 
trophic lesions in many cases of endarteritis or thrombo-angiitis 
obliterans or diabetes can be stopped, and much damage prevented or 
mutilating operations made unnecessary. 


Heliotherapy. — The subject of heliotherapy in tuberculosis has 
been covered by RoIIier (Vol. III). However, there are many other 
conditions affecting the extremities in which heliotherapy is a very 
valuable agent. These include nutritional and circulatory disturbances, 
arthritis, myositis, fibrositis and synovitis. 

Heliotherapy is of great value in toning up atrophic muscles. Its 
value in nutritional conditions such as rickets is well known. 

Heliotherapy is of great value in atrophic arthritis. It is surprising 
to see the excellent muscular tone of individuals who have been under 
heliotherapy for years. Unquestionably, if these patients had not had 
heliotherapy, the enforced recumbency in bed would have resulted in 
marked atrophy of muscles and bones. I prefer the term hdioaero- 
therapy. 


Phototherapy means treatment by various lights. The ultraviolet 
lamp is an imitation of sunlight but a very efficient one. The exact 
action has not been determined. The two main types are the quartz and 
the carbon. 

Lamps may be air cooled or water cooled. The dosage of photo- 
therapy depends upon the type of light used, the individual character- 
istics, i.e., blonde or brunette, the distance from the body and the 
duration of e.xposure. 

The {Principles of heliotherapy apply to phototherapy. The infra- 
red light owes its virtue to the radiation and penetration of heat 

The quartz ray is better knorvn as the ultraviolet ray It is called 
the actinic ray because it has the power to excite chemical action and 
has more effect upon photosensitive paper than other light ravs and 
IS called ultraviolet because it lies just beyond the violet of theVisible 
spectrum. visiuie 
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The application of the ultraviolet ray is followed by two reactions 
— a local and a general one. The local is manifested by various degrees 
of erythema; the general, by various blood chemistry reactions, tne 
sum total of which may be said to be decidedly beneficial in many con- 
ditions. 

One cannot allow this opportunity to pass without calling attention 
to the fact that phototherapy has been used indiscriminately tor any 
and every condition. This stale of affairs is deprecated and should oe 
condemned. Ultraviolet radiation has considerable value ‘*^001 a p y 
ologic point of view, but this has been greatly overdone and abuse . 

Phototherapy is indicated in atrophic muscle joint conoi 
in nutritional disturbances, tuberculosis and arthritis, in reco ^ 
from fractures, and sprains and strains. In general, the mdi 
and contraindications are similar to those for heliotherapy. 

Mechanotherapy. — Mechanotherapy includes various 
apparatus which perform passive movements of the limbs, as 1 lu 
by the Zander apparatus. . . . .c,- 

The Europeans are more partial to this type of treatnien 
the Americans. In most of the larger European clmics, on 
immense rooms with innumerable pieces of Zander 
apparatus is applicable to almost every type of injury ana co • 
One sees a patient having his thumb moved for him at a reguia ^ 
another patient having his fingers moved at a certain j -jq. 

certain amount of force—another is having his foot snpmateo. F 
nated, dorsiflexed, plantar-flexed or circumducted. One sees a 
being flexed or extended at rhythmical intervals or a ^'P^^ 
ducted, adducted, flexed, extended or dreumducted-a shoulder 
through its range of motion — another an elbow— another a wrist, 
so on. There is no doubt that there is considerable ™ue i" , ^ 
Zander apparatus, but one should not lose sight of the fact tMi 
physical therapy must be mixed with brains” in order to “dcompiis" 
desired results, and there is no substitute for human hands and nui 
brains. In America, one might say, this form of Zander aPP"" 
treatment has not been very popular. Less cumbersome me 
therapy has been developed, especially by McKenzie. It is a vawao 
adjunct to the restoration oi movement and function. 

RESpmAToa. ^The Drinker respirator has been described 
ume I. However, from the standpoint of the orthopedic surgeon m ■ 
treatment oi infantile paralysis, it may be said that, in certiun , 
if the Drinker apparatus is not at hand and functioning, all the oim 
pedic surgeon s armamentarium may not save the patient’s Iiie. , 
indications are to carry a patient through a transitional stag^ 
respiratory paralysis. It may be used in cases of intercostal paralysis 
give those muscles a rest. 
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Medical Gymnastics — Exercises. — ^Medical gymnastics or exer- 
cises consist in muscle education and reeducation. Their chief value 
lies in the treatment of patients wth infantile paralysis, spastic paral- 
ysis, brachial birth palsy, scoliosis, arthritis, postural disturbances and 
neuromuscular conditions. The equipment of the gymnasium consists 
of parallel bars, upright bars, wall ladders, stall bars, tables, benches, 
chairs, wall mirrors, wall exercisers, traveling rings, horses and floor 
mats 

Active movements are those carried out by the patient. Passive 
movements are those performed by the physical therapist. The latter 
are employed chiefly when active movements are impossible because of 
weakness, pain or lack of cooperation, or in the presence of adhesions 
that limit movement. Resistive movements are those performed by the 
patient against the resistance of the physical therapist, and vice versa. 

Gymnastics include those performed on land and those in water. 

Swimming — ^Hydrogymnastics. — Hydrogymnastics is a term coined 
by Lowman and includes special types of exercises performed in the 
water with and wihout support. This valuable method is discussed 
in Volume III. 


Occupational Therapy. — The importance of occupational therapy 
cannot be overemphasized. 

The chief indications for occupational therapy in diseases, de- 
formities and disabilities of the extremities lie in the treatment of such 
conditions as fractures, dislocations, infantile paralysis, spastic paral- 
ysis, sprains and strains, myositis, fibrositis and arthritis. 

Because it involves active movements, it may be employed at a very 
early period during treatment. The subject of curative workshops is 
treated in Volume I. 


By giving the patient purposeful acts to perform, making them 
very interesting and educational to him and by stimulating his ego, 
one may accomplish very much It is very rarely that the patient rvill 
overdo to the extent of doing harm, because he is guided by discom- 
fort and pain. 


Mock and Abbey state that back injuries form a large percentage of 
the group in which physical therapy and occupational therapy com- 
bined can be of inestimable value to the surgeon. In cases of nerve and 
tendon sutures, muscle transplantation, infantile paralysis, chronic 
arthritis, osteomyelitis, tuberculous and nontuberculous joint disease 
occupational therapy has its important place. In some cases the appli- 
cation is purely diversional while the affected parts are at rest In 
others, the work consists in reeducating the joints, muscles and nerves 
to their normal functions. For those who will not again be able to 
carry on their work, a new set of muscles or nerves must be trained 
to function Neither physical therapy nor occupational therapy should 
be earned to the point of fatigue; occupations should be giv'en which 
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are best fitted to meet each peculiar condition of the case. The patient 
should be encouraged and stimulated, and his achievements recognized 
and rewarded. 

Support. — In the application of bandages, one must be very careful 
not to interfere with circulation. In adhesive strappings, the impoitan 
thing is to avoid constriction of circulation. One should try to avoi 
in every case the complete encircling of a limb by one strip of p as er. 
In the application of splints or braces, one may say that they 
used or abused, depending upon the skill and experience of the p 
who applies them. Splints and braces are not universal but 
individualized to the particular patient. 

Immobilization. — Immobilization includes bandaging, strapping, 
splints, braces and casts. 

Bandages. — Bandages are made of gauze, muslin and 
woven materials which are resilient and, therefore, can act ^ 
and compression. It is important in the application ot tn 
that no constriction of the circulation results. If various 

becomes cyanotic, the bandage is evidently too tight. There ar 
types of resilient bandages, such as the Ace and the 
These bandages are woven so that the bandage acts jjj5 

support. They have a definite place in the treatment of va . ^ 
and other circulatory disturbances. There are combinatio 
with adhesive on one or both sides. 

Splints, — V arious types of splints are illustrated in Figures 16, S 4 t 
55. 56 and 57. 

Braces. — ^Various types of braces are illustrated in Figures 7 . 

^ 4 , 55 , 56, 57 , 62 and 64. ly and 

The surest way to get rid of braces is to put them on tduy 
wear them faithfully until they are no longer necessary. 

Casts.-— E very one who engages in physical therapy -asls, 

the principles of plaster-of-paris technic and how to ban 
especially those that are bivalved. , e R lO, 

Various types of plaster casts are illustrated in Figures 3 , 5 , > 

II. 15, SI, 52 , S 3 and 64. 

A cpt never made a joint permanently stiff. Any stiffness cause 
a wst quickly disappears. It is the disease or trauma _tn .^ 55 
stiffness, \\hen the disease or trauma predisposes to joint s 
and early physical therapy is necessary to prevent stiffness, 
if prolonged, interferes with physical therapy and therefore, to u, 
extent, is responsible. 

Plaster bandages are usually made of crinoline or 
Ihe meshes of which is rubbed the plaster-of-parls powder. The DM 
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age is then rolled and stored until used. The most common type of 
crinoline is that whose meshes are 28 or 32 to the inch. 

^^^len ready for use, the plaster bandage is soaked in a bucket 
two-thirds full of lukewarm water. The addition of salt hastens, and 
sugar retards, the setting The bandage is laid on its side until all the 
air bubbles have ceased to appear at the top of the water, which 
means that all the plaster has been saturated. It is then lifed out, both 
ends squeezed and twisted through a small arc, to get rid of the excess; 
it is untwisted, flattened out and the end of the bandage found and un- 
raveled a few inches, when the bandage is ready to be applied. Plaster- 
of-paris bandages should be applied over one or two layers of stockinet. 
One layer of stockinet is most commonly used, then a layer of sheet 
wadding, then a gauze bandage and, finally, the plaster bandage. If 
two layers of stockinet are used, no other padding is used except over 
bony prominences such as the patella, the ankle bones and the heel. 
One should be careful to pad the Achllles-tendon region because of 
danger of causing pressure. 

One hears the expressions “corrective” cast, splint or brace. They 
are misnomers. They are instruments of retention, that is, apparatus 
to maintain correction or overcorrection after those positions have been 
obtained by some other means, such as manipulation or operation. 

Adhesive. — Adhesive strappings are of value in sprains and strains. 
Adhesive strapping of a foot and ankle is found in Figures 40, 41, 42 
and 43; lower back, Figures 60 and 61; pelvis, Figures 60 and 61. 
Other regions frequently strapped with adhesive are the metatarsal, 
big toe, little toe, knee, hip and chest. 

Elastic supports for the metatarsal region, the ankle, the leg, lower 
leg and the entire leg are of some value, especially in those cases of 
circulatory disturbance in which there is swelling of the limb, such as 
varicose veins, and in traumatic conditions, such as sprain and strain. 

Frames — The most common frames in use are those of Whitman 
and Bradford. The Bradford type is a gas-pipe frame made usually 
of to ^-inch gas pipe This is rectangular in shape with an elbow 
at each of the four corners. Over this frame there is stretched a canvas. 
The canvas may be in one, two or three pieces. 

The Whitman type is a curved Bradford frame. 

A Balkan frame is an overhead structure consisting of four uprights 
corresponding with the posts of the bed— two longitudinal boards or 
pars and two cross bars. It is used primarily for overhead suspension 
in cases of fractures. A trapeze is suspended so that the patient mav 
pull himself up. ^ 

^.^Aids in LccQmQtion.-These include crutches, canes and artificial 

Crutches.— Crutches are illustrated in Figure i. 
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are best fitted to meet each peculiar condition of the case. The patient 
should be encouraged and stimulated, and his achievements recognized 
and rewarded. 


Support. — In the application of bandages, one must be very careful 
not to interfere with circulation. In adhesive strappings, the important 
thing is to avoid constriction of circulation. One should try to avoid 
in every case the complete encircling of a limb by one strip of plaster. 
In the application of splints or braces, one may say that they may be 
used or abused, depending upon the skill and experience of the person 
who applies them. Splints and braces are not universal but must be 
individualized to the particular patient. 

Immobilization. — Immobilization includes bandaging, strapping, 
splints, braces and casts. 

Bandages.— B andages are made of gauze, muslin and variously 
woven materials which are resilient and, therefore, can act 
and compression. It is important in the application of the bandage 
that no constriction of the circulation results. If the limb sweJ 
becomes cyanotic, the bandage is evidently too tight, There are 
types of resilient bandages, such as the Ace and the Tetra banda^ • 
These bandages are woven so that the bandage acts as a ^ , 
support. They have a definite place in the treatment of 
and other circulatory disturbances. There are combination banoagw 
with adhesive on one or both sides. 

Splints. — V arious types of splints are illustrated in Figures i6j S 4 » 
55, 56 and 57. 


Braces.-— V arious types of braces are illustrated in Figures 7 > 
16, 54, 55, 56, 57, 62 and 64. , 

The surest way to get rid of braces is to put them on ea y 
wear them faithfully until they are no longer necessary. 


II, 

and 


Casts. ^ Every one who engages in physical therapy should kuo 
the principles of plaster-of-paris technic and how to handle ' 
especially those that are bivalved. 

Various types of plaster casts are illustrated in Figures 3, 5 , ’ ^ ' 
II, 15, 51, 52, 53 and 64. , 

A cast never made a joint permanently stiff. Any stiffness cause 
a cast quickly disappears It is the disease or trauma that cau* 
stiffness When the disease or trauma predisposes to joint stl£f»« ’ 
Md early physical therapy is necessary to prevent stiffness, fte 
If prolonged, interferes with physicai therapy and therefore, to that 
extent, is responsible. 

Plaster bandages are usually made of crinoline or tarlatan 
the meshes of which is rubbed the plaster-of-paris powder. The band 
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The patient usually learns the best manner of using one or two 
canes. 

When one cane is used it should be placed on the weak or disabled 
side. 

When two canes are used they should be used in a manner similar 
to that employed with crutches; viz , protrusion of the right cane, then 
the left foot, next, the left cane and, finally, the right foot. 

Artificial Limbs. — The subject of artificial arms and legs is dis- 
cussed in detail in Volume II. . 

Manipulative Therapy; Brisement Force. — Manipulative ther- 
apy includes that performed gently and over long periods, and that 
performed quickly under anesthesia Local, spinal or general anesthesia 
may be used. 

One should be careful in performing manipulation under anesthesia 
except in a few conditions. 

Brisement force may be used in a refracture of bones to correct 
deformity. This was a common procedure during the late war. 

Manipulative therapy is indicated principally in those conditions 
which follow several weeks after an injury; that is, those conditions 
due to adhesions rather than to arthritis. Manipulation is indicated in 
those conditions where, because of a comfortable posture during an 
acute illness, a person develops a contracture, such as an adduction 
contracture of the thigh or of the shoulder, or a flexion contraction of 
the elbow or knee. 

The following are brief outlines of the technic in manipulating 
representative joints: 

1. Hip: With the patient completely anesthetized and the pelvis 
and opposite leg secured firmly to the table, the affected hip is flexed 
ivith the knee flexed; it is then extended, then flexed with the knee 
extended. It is then adducted, abducted, extended \vith the knee ex- 
tended, circumducted, then rotated inward and out^vard. It is then 
hyperextended over the edge of the table. In some cases the adductor 
tendons must be divided before abduction can be performed. 

2. Knee: With the pelvis and the other limb held firmly, the knee 
is gently flexed, then extended two, three or four times; it is not used 
as a pump-handle. In all cases of manipulation of the knee one should 
see that the foot and the hip on the same side can be put through 
the normal range of movements. 

3. Ankle: Manipulation of an ankle includes dorsiflexion, plantar 
flexion, inversion, eversion, supination, pronation, circumduction' 
dorsiflexion and supination at the same time are the sine ana non in 
manipulation oi the ankle. 

4. Foot: Manipulation of the foot includes that of the subastraca- 
lar joint, through the tarsal joints, through the tarsometatarsal joints 
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Crutches are measured tor adults by subtracting i6 mches Irom to 

the foot. Crutches come in even sizes only a , d 00 
the larger size should be prescribed and then cut on. 



Fig I — Special type of crutch Substitution of a brachial cuff for 

should be applied, and axillary pads should be added to 
to prevent irritation and crutch palsy. , , ^ the 

If a patient is allowed to bear weight on L^forward, 
method of progression is as follows: place one crutc 
the opposite foot; then the second crutch and put 1^®^” 

If a patient walks with crutches and one leg, he s flexed 
crutches forward, then the leg, the affected leg either side 

preferably, with a block under the shoe (heel and sole) o jjjtipg tbe 
in order to keep the injured part off the ground, w’ltno 
pelvis and spine. . .g arc p® 

Canes.— Canes are used during the stage after • ^5 ^\bere 
longer necessary. They may be used in minor cono 
crutche® are not required. 


Manipulative Therapy n] 

The patient usually learns the best manner of using one or two 
canes. 

When one cane is used it should be placed on the weak or disabled 
side. 

When two canes are used they should be used in a manner similar 
to that employed ^vith crutches; viz., protrusion of the right cane, then 
the left foot, next, the left cane and, finally, the right foot. 

Artificial Limbs. — The subject of artificial arms and legs is dis- 
cussed in detail in Volume 11. . 

Manipulative Therapy; Brisement Force. — Manipulative ther- 
apy includes that performed gently and over long periods, and that 
performed quickly under anesthesia. Local, spinal or general anesthesia 
may be used. 

One should be careful in performing manipulation under anesthesia 
e.xcept in a few conditions. 

Brisement force may be used in a refracture of bones to correct 
deformity. This was a common procedure during the late war. 

Manipulative therapy is indicated principally in those conditions 
which follow several weeks after an Injury; that is, those conditions 
due to adhesions rather than to arthritis. Manipulation is indicated in 
those conditions where, because of a comfortable posture during an 
acute illness, a person develops a contracture, such as an adduction 
contracture of the thigh or of the shoulder, or a flexion contraction of 
the elbow or knee. 

The following are brief outlines of the technic in manipulating 
representative joints: 

1. Hip: With the patient completely anesthetized and the pelvis 
and opposite leg secured firmly to the table, the affected hip is flexed 
with the knee flexed; it is then extended, then flexed with the knee 
extended. It is then adducted, abducted, extended with the knee ex- 
tended, circumducted, then rotated inward and outward. It is then 
hyperextended over the edge of the table. In some cases the adductor 
tendons must be divided before abduction can be performed. 

2. Knee: With the pelvis and the other limb held firmly, the knee 
is gently flexed, then extended two, three or four times; it is not used 
as a pump'handle. In all cases of manipulation of the knee one should 
see that the foot and the hip on the same side can be put through 
the normal range of movements. 

3. Ankle.: ilanipulation of an ankle includes dorsiflexion, plantar 
flexion, inversion, eversion, supination, pronation, circumduction* 
dorsiflexion and supination at the same time are the sine qua non in 
manipulation of the ankle. 

4; Foot: Manipulation of the foot includes that of the subastraga- 
lar joint, through the tarsal joints, through the tarsometatarsal joints 
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Trutches arc measured for adults by subtracting i6 inches ftomtk 
he-mbt o" he nXidual. Another method is to measure he jsw 
S the axilla to a point 8 inches outward 
the foot. Crutches come in even sizw only and, if odd 
the larger size should be prescribed and then cut o 



should be applied, and axillary pads should be adde 
to prevent irritation and crutch palsy. , , „ the 

If a patient is allowed to bear weight on both * the*' 

method of progression is as follows: place one crutc j^jog foot- 
the opposite foot; then the second crutch and put both 

If a patient walks with crutches and one leg, he shou k ^ 


he snouiu 

crutches forward, then the leg, the affected leg either b® side 

preferably, with a block under the shoe (heel and * tiltioR the 

in order to keep the injured part off the ground, witho 
pelvis and spine. , are h® 

Canes.— Canes are used during the stage after 5 where 

longer necessary. They may be used in minor condui 
crutches arc not required. 
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metatarsophalangeal joints. In the metatarsal joists 
the important consideration is plantar flexion. 

inf IJ •' patient entirely flat and secured to the table, 

iin™ mampuiated gently in forward flexion with the 

Oqv- ^ forward flexion with the elbovv extended, forwaid 

..xa'?")' ™ r both in supination and pronation, gentle 

auction, forced abduction (holding the scapula firmly), backwaid 
ensjon oj the arms, circumduction ot the shoulder and complete 
emal and external rotation. The most important movements that 
abduction and external rotation. 

„r;fC elbow is flexed and extended three or four times 

vith the jorewm both in pronation and supination. 
ut ji X ^ wrist should be dorsiflexed, palmac'flexed, forced 

lateratiy, radialward and ulnarward: the important considerations are 
aorsmexion and supination. 

must be manipulated so that it can be put in 
position of grasj^as though it were grasping a tumbler. 

.f^J^^.^^Pulating the neck one should be very cautious. 
imr crt ^ flexion of the head, extension of the head, lateral bend- 
thl touches the shoulder of the same side, then 

Tr,/ gradual rotation to the right and rotation to the 

mnsi warned that manipulation of the neck is one of the 

whfch ^ ‘he most harmful, procedures to 

Which an individual may be subjected. 

disabilities and deformities of the 
Sd ri ^ »st, most of which have been men- 

in thk rJtanf ^^^pters. Those not discussed in detail will be included 
made conditions include congenital, infectious, trau- 

orders ’ static, postural, neuropathic and functional dis* 

Congenital Befects and Defoemities 

consSedTre^dMhf deformities, the most important to be 
consiaeted ate clubfoot and congenital dislocaiinn of the hip. 


CLUBFOOT 

In''dSrt“''fte .“"genital or acquired, 
calcaneovalgui congenital equinovaros 


and 


Talipes /equinus 
\cafcaneus 


Talipes 


|equino|' 


!■ 


valgus 
calcaneol;:^™® 


\valgus 



Fig 2 — Extreme type of congenital clubfoot, talipes equmovarus in a boy of 12 years, 
who had had no treatment. Note the large bursae in the regions of the cuboid bones 
(Courtesy of Dr John L Porter ) 



Fig 3— Lew in tjpc of cross-bar cast for conceniul club feet A, congenital club 
feet in a child ii da>s old; B, one foot corrected and in plaster cast; C, both feet 
corrected; D, cross bar made of tongue depressors to maintain outward rotation of 
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and through the metatarsophalangeal joints. In the metatarsal joints 
the important consideration is plantar flexion. 

5. Shoulder: With the pcalicnt entirely flat and secured to the table, 
the shoulder is first manipulated gently in forward flexion rrith the 
elbow flexed; then forward flexion wth the elbow extended, iorward 
flexion with the forearm both in supination and pronation, genlle 
abduction, forced abduction (holding the scapula firmly), badwaifl 
extension of the arms, circumduction of the shoulder and complete 
internal and external rotation. The most important movements that 
must be obtained are abduction and external rotation, 

6. Elbow: The elbow is flexed and extended three or four times 

\vith the forearm both in pronation and supination, . 

7. Wrist: The wrist should be dorsiflexed, palmar-flexed, lorce 
laterally, radialward and ulnarward; the important considerations ar 
dorsiflexion and supination. 

8. Hand: The hand must be manipulated so that it can be pu 1 
the position of grasp — as though it were grasping a tumbler. 

9. Hech: In manipulating the neck one should be very 
Produce gentle flexion of the head, extension of the bead, lateral 0 
ing so that one ear almost touches the shoulder of the same side, 
the other side, then gradual rotation to the right and rotation 0 
left. The reader is warned that manipulation of the neck is 01^® ° , 
most delicate, and it may be one of the most harmful, proceour 
which an individual may be subjected. 

The conditions which may cause disabilities and deformities 
extremities constitute a very long list, most of which “een roc 
tioned in other chapters. Those not discussed in detail will be 
in this chapter. Special conditions include congenital, infectious, 
matic, mechanical, static, postural, neuropathic and function 
orders. 

Congenital Defects and Deformities 

Under congenital defects and deformities, the most important to 
considered are clubfoot and congenital dislocation of the hip- 


CHJBFOOT 


may he congenital or acquired. 

In clubfoot, the two main types are congenital 
caicaneovalgus. 


equinovatos 


Talipes i«iuinu5 
(calcaneus 


Talipes 


^calcaneo{™[^ 
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taneous reduction. In the older cases, treatment includes manipulation 
under anesthesia, retention in plaster casts which are changed in 
periods ranging from 3 to 6 months, then /ollow-up treatment which 
includes e.xercises and baths, such as the brine bath of Denuce, and the 
Galeazzi, Putti and Ridlon manipulations. Open operations are re- 
quired in those cases which cannot be reduced by the closed method 
or in those hips which 'will not stay reduced by the closed method. 

The chief manipulations or maneuvers for the reduction of con- 
genital dislocation of the hip include those of Paci, Lorenz, Galeazzi, 
Putti, Ridlon, Bradford, Davis and Calot. Every textbook of ortho- 
pedic surgery describes some of these methods. At the time of change 
of the cast and follo\ving its final removal, bathing of the hips and 
lower extremities in warm water, and application of heat followed by 
gentle massage are indicated As a rule these patients can be trusted to 
return the legs to normal position by being allowed to exercise them 
cautiously, especially in warm water. 

CONGENITAL DISLOCATION OF THE KNEE 

Congenital dislocation of the knee is a rare deformity characterized 
by genu recurvatum or a backward curNing of the knee joint. The early 
treatment consists in gentle manipulation to fie.x the knee and the 
application of a splint or plaster cast to hold it in the flexed position. 

JIacFarland and MeJIurray have de\’ised an operation, sectioning 
part of the quadriceps femoris muscle, followed by flexion of the knee. 
If the child is seen and treated very early, operation is rarely 
necessary. 


CONGENITAL DISLOCATION OF THE SHOULDER 

Congenital dislocation of the shoulder is a very rare deformity. 
There are not more than 25 instances reported in the literature, several 
of which are not authentic. The treatment consists in gentle manipula- 
tion and retention followed by phj'sical therapy, including gentle 
massage and more gentle movements. 

CONGENITAL FLATFOOT 

The eliologic factor of importance in congenital flatfoot is heredity. 
It is more often transmitted from the father’s than the mother’s side. 
The importance of the accessory scaphoid should not be overlooked. 
This is an adventitious bone in the region of the tarsal scaphoid. The 
important factors are the early recognition and early treatment The 
best early treatment is a plaster-of-paris cast maintaining the posterior 
portion of the foot in supination, with the fore part of the foot in pro 
nation; that is, the posterior half of the foot should be tipped outward 
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The treatment may be diwded into early, intermediate, and kte. 
Treatment includes manipulation, overcorrection and retention m to 
braces or splints. In the final stages of treatment, one pjesctibes proper 
shoes with modifications, exercises, massage and 
‘ \\^hen one finds congenital cquinovarus, he produces a calcaaeo* 
valgus and 5;/cc versa. . . „ .1^ . ,, 

Pcs planus is flatfoot. Metatarsus vares is 
per cent of congenital clubfeet are of type in whi 
pointed downward and inward. This type occurs once 1 
births; 65 per cent are in males, and 57 per cent are on * • 

The deformity is usually said to be due to P“iho" 
ity is found to be a factor in 5 per cent of the cases, 
cent of the cases are in the first-born. , . of 

The chances of cure depend upon the age, the 
deformity, the degree of rigidity, the proper niay be 

sistetice of the treatment and observation. Active lopg 

necessary for months, and care and supervision lor Y * . jjjort 
narrow foot is much more amenable to treatment 
chubby foot. 

Treatment. — The treatment for clubfoot may be j the 

during infancy, during childhood or in adult life; ou jUg and 
better. The object is to correct the deformity as soon a ^ 
to maintain the correction until proper use of the too . 
permanent. Some form of treatment should be institute . . 

The means of correcting the deformity are manipulation I Qpgration 
out anesthesia) , the use of casts and braces, and opetau -yfie 

is rarely necessary when the patient is seen ^ ® etraPpi^?' 
various methods of retention consist of bandages, adhesi 
plaster-of-paris casts and braces. f j.js (even 

I cannot recommend too strongly the use of plaster 01 1 
though the infant be but one hour old) to retain t^^fadon- 

rected position which has been obtained by gentle ^ of 
Massage, exercises and modification of shoes are other 
importance. In older individuals, operations on the bones, 
other tissues may be necessary. _ ^ mas- 

In clubhand the treatment includes manipulation, he 

sage, further manipulation, braces and exercises, Operalio 
necessary. 

CONGENITA!, DISLOCATION OF THE HIE ^ ^ 

Congenita^dislocation of the hip is the most^ 


dislocation. The displacement may be upward, backward or ^ 
The most common is upward and backward. Early treatment 
what Putti has described as a triangular frame which is attaches 
child’s legs so as to produce abduction, which usually results m i- 
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Fig 7 — Brachial birth paUy in 3 ch3d of i8 months; brace maintainint; abduction 
and external rotation of shoulder, flnion of elbon, supination of forearm, dorsiflexion 
of »nst and extension of fineets 
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sprain, strain, rupture of muscles, rupture of tendons, flat feet, knock 
knees and bowlegs. These conditions are described at length in other 
chapters. 



Fio. 8— Traumatic right flatfoot; (a) front view, (b) rear view; (c) corrected in a 
plaster cast. 


In regard to trauma and postural cases, practically all physical 
therapy agents have been discussed in the chapters on fractures and 
dislocations in joint injuries (Vols. II and III). 

SPRAINS AND STRAINS 

It has been stated that “a sprain is worse than a break.” This is 
grossly untrue because most sprains are mistreated. The proper treat- 
ment for a sprained ankle, for example, is absolute rest and elevation 
of the limb, the application of cold and a compression bandage. In 
athletic individuals, weight-bearing should be encouraged. In others, 
it is contraindicated. 

Mennell advises early movement and massage without fixation. 

Smart advises the early use of graduated muscle contractions by 
means of his electric coil and no immobilization. 

RUPTURE OF MUSCLES 

In cases of rupture of a muscle the early diagnosis is important. The 
treatment includes rest, relaxation of the muscle, application of cold 
and retention support. Recently, it has been advised to inject novo- 
caine into the muscles to cause relaxation. Heat, massage and gentle 
active movements are indicated. ° 
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and the fore part of the foot tipped inward so that the big toe tests on 
the cast. The cast should be replaced every two or three weeks. It may 
be followed by adhesive strapping or, preferably, a brace. Wodmea- 
tions of the shoes are very important and consist in building up cne 
inner border of the heel and the outer border of the sole. Felt pa sin 
the shoes are of value in supporting the longitudinal 
should be started as soon as the child can comprehend. JMassag 
important and contrast sprays may be used for older chilarcn. 


SPASTIC PARALYSIS • 

The causes of spastic paralysis are intra- and 
intra-uterine causes are defects or conditions within the sku , 
cysts and hemorrhage. The obstetric causes are trauma ouri ^ 
immediately after, birth. The latter is illustrated by 
at resuscitating a “blue baby.” The treatment consists in p P J 
and curative measures, prophylaxis including gentleness i 
The curative measures include the following: lumbar ’ {^ga 

tion, swimming, stretching of contracted structures, waiKing, 
walker or crutches, braces and neuromuscular training. ^ .u^valae 
In the treatment of spastic paralysis, one should emphasize 
of heat in order to relax muscles, ivithholding massage, A^ove' 
ness in handling the patients, to the extreme degree, ana acii 
ments. A movement directed by the brain and carried out oy . 
muscle or group of muscles, with no overflow 
producing purposeless movements, is the acme of L tern- 

Lowman has emphasized the value of a lo per cent mcr 
perature of the water used in sivimming over that used 
myelitis cases. 

BRACHIAL BIRTH PALSY 

In brachial birth palsy the important points are early 
and early treatment. A new-born child with the diagnosis o; " 
birth palsy should have its arm suspended from the top ® 
by a sling in the form of suspension guy ropes. A very si .K. 
brace of the Sever type should be made. Physical therapy ^ary 
includes^ massage and gentle manipulation. Operations are . 
in certain cases. They usually are required in those cases j^y 
been neglected. The most important operation is the minor 

the name of Sever in which the pectoralis major and the ^ yjaris 
tendons are cut. In some cases the coracobrachialis and su nlastie 
are also released. Kleinberg has recently advised a capsu V 
operation which is evidently very beneflcial. 

Traumatic Conditions 

Traumatic conditions include industrial, occupational, 

or static. These include fracture, dislocation, fracture-disloca 
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RUPTURE OF TENDONS 

Rupture of the tendon often requires suture, which should be done 
early so that active motion can be instituted as soon as possible. 
Splints, heat, massage and gentle active movements are indicated. 


FRACTURES 

In the treatment of fractures, one must emphasize the importance of 
rest, reduction, retention, early active motion, heat and physical 
therapy. Some advise occupational therapy as being of greater value 
than physical therapy 

This subject is discussed at length in Volumes II and HI, 


DISLOCATIONS 

(See Lindsay and Brown, Vol. III.) 


Conditions cf Infectious Origin 

Infectious conditions include tuberculosis, syphilis, Charcot’s joint, 
syringomyelia, infections with pus organisms, infections with unusual 
organisms, osteomyelitis, infantile paralysis and encephalitis. 

The physical therapeutic measures that are of value in infections 
are heat, in the form of radiant heat or fomentations, elevation, ultra- 
violet and roentgen-ray therapy, and hydrotherapy in the form of 
packs One must be careful to prevent contractures, deformity and 
adhesions. The technic of incisions and drainage is not included in this 
chapter. 


TUBERCULOSIS 


In the treatment of tuberculosis of bones and joints, the important 
factors are rest, proper splinting, prevention of deformity, correction 
of deformity if ft has occurred and preservation of function or the 
restoration of function if it cannot be preserved 
In the treatment of tuberculosis of bones and joints, many physical 
therapeutic agents are of great value. These include rest, recumbency 
support, immobilization, plaster-of-paris casts, braces, therapeutic 
baths, heliotherapy, phototherapy and occupational therapy. 

Arthrodesing or stiffening operations are of great value Thev are 
performed on the spine, hip, knee, ankle, shoulder, elbow and wrist 
The reader is referred to textbooks of orthopedic surgery tor descrin' 
tions of these operations uescrip 
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Fic ii^A gltl o{ i6 years who had 
Iniantile paralysis at the age of 2 years 
Note total nght scoliosis with the Soft- 
ening of the tight leg, which produced 
an inequality of the gluteal creases and 
dimples m the regions of the posterior 
supenor iliac spines. 




Fic tj — Caliper braces with 
locV joints at the knees u<ed on 
a patient who had infantile 
para]} sis 


Fic. 14— Two lona-lcg braces 
and a body brace for extensive 
paralysis due to anterior pobomye- 
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Fio. 10— A boy o{ lo year? whh tuberculosis o( the spine treated by a Hibbs 
fusion folloued by a body cast 


SYPHILIS — CHARCOT JOINT 


treatment of syphilis, one must be careful to 
formity and, if deformity has occurred, it should be corrected.^ 
Physical therapeutic means included are massage, 
bra<^, pyretotherapy and diathermy. Specific treatment tncludif’c 
malaria and arsphenamine is not discussed in this chapter. 


OSTEOMYELITIS 

memioMd!’''"'"’™' three methods ml! be bitW 

srciE SK,5‘.- r « »• “ « — •' “ 

means of maffi,;L'’TaSTh *''= "T' W “ 

special process the eeis of ^,L ■‘‘''’"S »eatmen(. 

maimois 'ire maggot are sterilized and tne 

excellent results tolWinVthVmeSicr'’"' 
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portant in order that a strong group of muscles may not overcome a 
weak group. 

In case of a shoulder, the arm should be abducted to a right 
angle for most of the day and night, being released four or five times 
daily and placed in adduction for a few minutes each time. One must 
be on guard to prevent contracture in adduction and internal 
rotation. 

The elbow should not be allowed to develop a flexion contraction; 
the wrist should be held in dorsiflexion, and the fingers in the position 
of grasp. One must guard against pronation deformity. One should be 
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3 . The aluminum and potassium nitrate treatment is the use of 
this chemical done into a poultice using rolled oats, which is a;> 
plied to the limb. There are reports of excellent results folioTving this 
method. 

The physical therapeutic measures that may be of value in some 
cases of osteomyelitis include phototherapy, heliotherapy, the carbon 
arc lamp and occupational therapy. One must endeavor to maintab 
muscle tone and counteract atrophy of muscle. Transfusion of Wood is 
indicated in some cases. 

ANTERIOR POLIOMYELITIS 

In the treatment of anterior poliomyelitis, or infantile 
physical therapeutic measures are indicated in every stage, incluamg 
the preparalytic, paralytic, subacute and chronic. During the prepara- 



Fic 


Double abducUon spica cast to be used as a model for makinR a brace, 
leral deltoid paralysis due to anterior poliomyelitis. 




UuriniThis probably the most importanl 

Uurmg this slap the importance of bed positions or bed posture 

oi bonr/nTlmf PuSion including the ■naintenu"" 
o' •'OO'^ 0"'' ■" a position of neutri muscle pull, k veO' 
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portant in order that a strong group of muscles may not overcome a 
weak group. 

In the case of a shoulder, the arm should be abducted to a right 
angle for most of the day and night, being released four or five times 
daily and placed in adduction for a few minutes each time. One must 
be on guard to prevent contracture in adduction and internal 
rotation. 

The elbow should not be allowed to develop a flexion contraction; 
the wrist should be held in dorsiflexion, and the fingers in the position 
of grasp. One must guard against pronation deformity. One should be 
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very careful, if the thumb muscles are involved, not to allow deformity 
to occur. 

Bed positions are maintained by means of pillows, boards at the 
foot of the bed, boards under the mattress, sandbags, salt bags, casts, 
splints and braces. When the patient is ready for walking, crutches 
or a special walker is to be used. 

The causes of deformity are unequal muscle pull, the effects of 
gravity and the early use of weakened muscles. The cause of dis- 
ability is weakness of the muscles. The various physical therapy 
agents include medical gymnastics, massage, exercises, contrast sprays, 
neuromuscular reeducation and underwater gymnastics. I have in a 
few cases used fever therapy; that is, intravenous injection of typhoid 
vaccine. 


ENCEPHALITIS 

The important factors to be mentioned here are the 
deformity, the correction of deformity and the prevention of ^ 
The agents used are casts, braces, splints, crutches and canes, we 
muscular reeducation is very important. Operations on sympamru 
nerves are often of value. 


Conditions of Mechanical or Static Origin 

The mechanical or static group of conditions include: flatfoot, weta 
tarsal depression, pes cavus, knock knee and bowleg. 

^ The function of the foot is to supply an organ of locotnoii 
IS springy, in order to avoid jars to the brain, spinal cord 
dommal organs. Anything that interferes with that function alwjs 
whole body. The harmful effects of foot disturbances are mawtes 
in foot, leg, knee, back, hip, the nerves and the general nea • , 

The causes underlying foot disturbances are concerned witn ^ 
factors; viz., heredity, occupation, injury, infection, hard , fv.j. 
sidewalks, asphalt streets, shoes, hosiery, the automobile a 
present-day living conditions. 


FOOT DISTURBANCES 


^ conditions comprise four groups: i) ^ ^ 

ormities- (2) acquired deformife; (3) diseies of the boots ao 

jomts; and (4) tumors. ^ 

fMt-deformities that are „vlh 

of fhi» fnnf °f toes, supernumerary toes, united toes, pV ^ 

overlapping and onder-ndi S 

tions ?o ‘o infantile paralysis or o her 

'ui reeion fracture 

gi nd to bunions. Traumatic conditions are due to 
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and dislocation. Warts, papillomas, hard and soH corns, and circula- 
tory disturbances are acquired conditions. 

Diseases of the foot are chiefly tuberculosis, syphilis, osteomyelitis 
and epiphysitis, or inflammation of the growth-center of the bone. 
Arthritis or rheumatism may be due to any germ, to metabolic dis- 
turbances or to injury. 

Posture and Hygiene of the Feet. — Selecting the Correct 
Shoes.— The subject of shoes is very important. The first question to 
be considered is whether shoes should be high or low-cut. Both have 
eminent advocates, but to my mind the preponderating evidence is in 
favor of high shoes. Lace-shoes are, as a rule, preferable to button- 
shoes. 

There has been much discussion in regard to the flexibility or 
rigidity of the shank of the shoe. Individuals without foot troubles may 
do very well in flexible-shank shoes. Those who have foot troubles, 
correctable by exercise only, will do well in flexible-shank shoes; but 
for that large number who need both exercise and support, the rigid- 
shank shoe is, at least temporarily, of much greater value. The shoe 
should have a round toe. It should have a medium-width shank. It 
should be made over a last with a straight inner border. The height 
of the heel should be 'vithin reasonable limits, as both extremes are 
undesirable, not only because of the effect upon the feet but especially 
because of the effect upon the back. Shoe fitting is an art too little 
known. Every individual should change shoes once every day if 
possible. Shoe-trees or shoe-forms are valuable. Rubber heels, as a 
rule, are of distinct advantage in minimizing the repeated shocks to 
the feet, legs, and spine, and to the abdominal and pelvic organs. 

Garters, — Constriction of the leg is harmful to the circulation. 
This is true whether the constriction be caused by a circular garter 
or by rolling stockings in a hard ridge or knot. At the beaches one 
sees many young girls and women with deep ridges just above the 
knees caused by circular garters. This causes interference with the 
return circulation of the blood and produces varicose veins. 


Bathing the Feet. — Cleanliness of the feet is of the greatest im- 
portance. Ordinary bathing of the feet should be carried out once 
daily. The soap used should be of a nonirritating variety, and the foot 
after being dried, should be dusted with a simple dusting powder! 
For '“tired feet” the addition of small quantities of salicylic and boric 
acids to the water may be helpful. 

Contrast sprays for the feet and legs are administered by sitting on 
the side of the bathtub and spraying the feet and legs with warm 
water for one minute and cool water for one minute. Alternate in this 
manner for ten minutes tmee daily. Increase the contrast of the water 
padually from day to day Many prefer to use the warm spray for 
two minutes, and the cool for half a minute. h > o 
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Contrast baths, aUhough not so convenient, are of distinct value in 
improving the circulation of the soft tissues of the foot and leg. To 
take a contrast bath, obtain two buckets, each large enough to contain 
both feet. Fill one bucket about two-thirds full of warm water, and the 
other about two-thirds full of cool wnter. Sit alongside of the buckets. 
Place both feet in the warm water for exactly one minute. Remove feel 
and place in the cool water for exactly one minute. Alternate in tliis 
manner for ten minutes, i.e., five minutes in each bucket. Increase the 
contrast of the water gradually from day to day. If the coo! applica- 
tions are unpleasant, reduce their lime to 15 to 30 seconds. 

Massage. — Massage of the feet twice daily, spending a few mimites 
every morning and night, is an excellent tonic. In this massage it is'fvd! 
to use cold cream, cocoa butter, olive oil, oil of wintergreen or an 
analgesic ointment such as the following: 

^ Olfl i!3ulth«riae 4 

Acidi salio’Iki 4 

Mentholis 4 

Camphorae 4 

Thcnolii i 

Unc. aquae rosae 75 

Lanolm 

M. et fi. ung. and pul in coJIapsiWe tube or jar. 

Sig.: Use e.Tternally for to min mice daily. 

I’m use a deep rolalory movement of tie 

thumbs and fingers. 


Applications. — Hot applications, consisting of flannel dress 
arfnf i”."® saturated solution of magnesium sulptaU. 

alue in relieving the ordinary painful foot. 

Exercise. — For the vounc airi's foot there is no e-vercise of 


— For the young girl’s foot there is no e-vercise o 
S fn^ ?h“^^'''' "'■‘irnury ballet dancing, if properly tfS’’*' 
and Cener,f entire body in developing balance, po 

“udenTr„ j ‘”“1 >>“* careless methods on the part oMhe 

comino "'“F 'uuse arches to break dosvn iastead o 

the aee of ipn'"' ^oo-dancing should not be begun, as a rule, j 
overdone mav n ^^'’''oom dancing is excellent exercise, 
metatarsal symptoms of metatarsalgia, i.e., pn*n . 

are iS ex«ds‘r;°' I«-=kating and roller-s^ S 

figure-eisht S- ' “i' end legs. -nTiile skating on ice, a « 

ing; if nccesll? strap should be worn over the stock 

be worn outsid7th?sh‘'’'‘ “ ."“F bandaged, or a skate-strap 
For the abnormal w’ a figure eight. imclnrcs 

of the longitudinal and "'“'^"ess of the supporting 

cises have been pmnmed mt™'® many ® 

prepared. They will be described later. 



Painful Heels 


BUNIONS 


Cluster in Qg 
Volnroe IlJ 


When the bnisa of the hig-toe joint is inflamed, it is called a bumon 
and corresponds with housemaids tnee. Hallux valgus is the term 
applied to the outward deviation of the big '“f- "ben a bunwn occ 
in the region of the fifth toe, it is called a bunmnette. There are 
Other conditions of importance in the region of the big toe, viz., rigid 
big>toe joint, rheumatic or gouty joint and sesamoiditis or inflammation 
of one or both small bones under the joint. 


HAMMER TOES 

Hammer toes are deformities that are inherited or acquired. Such 
a toe is often the site of a corn. Overriding and underriding toes 
may often be trained to grow into normal position by simple adhesive 
strapping. Occasionally a toe is so long or so deformed that a surgeon 
should be consulted as to the proper measure to be taken regarding it, 

PAINFUL HEELS 

Pain in the heel may be due to a bony spur on its under surface 
or back, or to bursitis or chilblains in this region. Very often in the 
two latter cases it is necessary to remove the counter of the shoe, but 
frequently elevation of the heel in the shoe nill afford relief. 

For ordinary infections of the foot — ^as a temporary measure — a 
hot saturated Epsom-salt solution applied continuously in the form of 
wet applications, with considerable elevation of the foot, will be of 
much value. 

Concerning the care of the feet at various periods of life, I wish 
to say: 


1. The infant’s foot: If there is no deformity, care of the infant’s 
foot consists of bathing and the application of a dusting powder. If 
there is a clubfoot, do not wait until the child is a year old, but have 
treatment started immediately, even during the first day of life. 

2 . The young child’s foot: It is important that the baby’s stockings 
and shoes fit properly. Fat babies should not be encouraged to stand 
too early, as there is danger of causing bowlegs or knock knees. Stiff- 
ankle shoes, that is, shoes reenforced with molded leather, are of value 
m some epes of weak feet. Babies should wear white stockings but 
care should be taken to prevent the shrinking of the stockings from 
fieqvient iiashing, as too tight a sock causes loot-compression and 
produces injurious results. 

3- Care oj the Sect o] the adolescent bay or girl: From intanev (n 

Si' of the foot muscles, espeSlly 

hose of the arches is of the highest importance. One should not wait 
it s'tcnsthen it early and to keep 

■t strong. In buying shoes for adolescents, especially wherthek S 
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”0t so convenient, are of distinct value in 

tZTioft faSh or", ‘’'V"? “d leg. To 

Sith feet M) r K f •'“‘^kets, each large enough to contain 

other two-thirds full of warm water, and the 

Phee both fppt -n water. Sit alongside of the buckets, 

a^Dir M ft, walcr for exactly one minute. Remove feet 

Alternate in (his 

contrast of tho ■• j}''^ minutes in each bucket. Increase the 

tions trp iinot gradually from day to day. li the coo! applica- 

tions are unpleasant, reduce their time to rs to 30 seconds. 

evl^mnr„r twice daily, spending a few minutes 

to use roW ^ i^'Sht, IS an crceilent tonic. In this massage it is well 
amlrosiV n- butter, olive oil, oil of wintergreen or an 

analgesic ointment such as the following; 

^ Old paujihcriae 4I 

Acidi salicybci 4} 

Mentholis J 

Camphorae J 

Phcnolb j| 

Uns: aquae losac 25 
i-ano!in 

Sir I? I”' “llansiWi tube or jar, 
bW use eve, rally lo, ,0 i,„„ dailj. 

thMibs''?nd™ ngers. fota'ofy movement of the 

ing^ applications, consisting of flannel dress- 

are of value in rd- ®“f“mled solution of magnesium sulphate, 

'““e m relieving the ordinary painful foot. 

greater* vahie™harir ™ 

good for the feet and firife^’^," J”!"”®’ P’^°P"'y 

and genera! muscle ’’“•t "> developing balance, poise 

student and Sir ■"«>>»* ® 

coming stronger Tn^ J!?! arches lo break dotvn instead of be- 
the age of ten years ' as a rule, before 

overdone may nrodur« dancing is excellent exercise, but h 

metatarsal or anterior arch"’?^K^ metatarsalgia, i e., pain in (be 
are ideal exercises for th?f ^ the foot. Ice-skating and roiler-skating 
figure-eight webbinn or skating on ice, a 

mg; if necessary the mil shouJd be worn over the stock- 

be \\-om outside the ^ bandaged, or a skate-strap may 

For the nbnormal fc^^riS ‘"?1 «««« '-Sht. 
of the longitudinal and tT-,r,ir 'weakness of the supporting structures 
cises have been prepared ® many special e-ter- 

« spared. They wH be described later: 
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BUNIONS 

When the bursa of the big-toe joint is inflamed, it is called a bunion 
and corresponds 'vith housemaids’ knee. Hallux valgus is the term 
applied to the outward deviation of the big toe. When a bunion occurs 
in the region of the fifth toe, it is called a “bunionette.” There are 
other conditions of importance in the region of the big toe; viz., rigid 
big-toe joint, rheumatic or gouty joint and sesamoiditis or inflammation 
of one or both small bones under the joint. 

HAMMER TOES 

Hammer toes are deformities that are inherited or acquired. Such 
a toe is often the site of a corn. Overriding and underriding toes 
may often be trained to grow into normal position by simple adhesive 
strapping Occasionally a toe is so long or so deformed that a surgeon 
should be consulted as to the proper measure to be taken regarding it. 

PAINFUL HEELS 

Pain in the heel may be due to a bony spur on its under surface 
or back, or to bursitis or chilblains In this region. Very often in the 
two latter cases it is necessary to remove the counter of the shoe, but 
frequently elevation of the heel in the shoe will afford relief. 

For ordinary infections of the foot — as a temporary measure — a 
hot saturated Epsom-salt solution applied continuously in the form of 
wet applications, with considerable elevation of the foot, will be of 
much value. 

Concerning the care of the feet at various periods of life, I wish 
to say: 

1. The injanTs foot: If there is no deformity, care of the infant’s 
foot consists of bathing and the application of a dusting powder. If 
there is a clubfoot, do not wait until the child is a year old, but have 
treatment started immediately, even during the first day of life. 

2. The young child’s foot: It is important that the baby’s stockings 
and shoes fit properly. Fat babies should not be encouraged to stand 
too early, as there is danger of causing bowlegs or knock knees. Stiff- 
ankle shoes, that is, shoes reenforced with molded leather, are of value 
in some cases of weak feet. Babies should wear white stockings, but 
care should be taken to prevent the shrinking of the stockings from 
frequent washing, as too tight a sock causes foot-compression and 
produces injurious results. 

3. Care of the feet of the adolescent boy or girl: From infancy to 
maturity, proper and abundant exercise of the foot muscles, especially 
those of the arches, is of the highest importance. One should not wait 
till the arch is weak, but should aim to strengthen it early and to keep 
It strong. In buying shoes for adolescents, especially when their feet 
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^ Contrast baths, although not so convenient, are of distinct value in 
improving the circulation of the soft tissues of the foot and leg To 
take a contrast bath, obtain two buckets, each large enough to contain 
both feet. Fill one bucket about two-thirds full of warm water, and the 
other about two-thirds full of cool water. Sit alongside of the buckets. 
Place both feet in the warm water for exactly one minute. Remove feet 
and place in the cool water for exactly one minute. Alternate in this 
manner for ten minutes, i.e., five minutes in each bucket. Increase the 
contrast of the water gradually from day to day. If the cool applica- 
tions are unpleasant, reduce their lime to 15 to 30 seconds. 


Massage. — Massage of the feet twice daily, spending a few minutes 
every morning and night, is an excellent tonic. In this massage it is well 
to use cold cream, cocoa butter, olive oil, oil of wintergreen or an 
analgesic ointment such as the following: 

B Olej gaullheriac 4 

Acidi salicylic! 4 

Mentholis 4 

Carephorae 4 

PhenolU j 

UnR aquae rosae J5 

Lanolin 

M et ft ung. and put in collapsible tube or Jar 
015 : Use externally for to mm. ttvice daily. 

skin, but use a deep rotatory movement of the 

thumbs and fingers. 


. Applications. — ^Hot applications, consisting of flannel dress- 

gs wrung out of a hot saturated solution of magnesium sulphate, 
are of value m relieving the ordinary painful foot. 


(rrAntor young girl’s foot there is no exercise of 

wnrJ ordinary ballet dancing, if properly taught. It is 

fnH fT ^ f entire body in developing balance, poise 

rareless methods on the part of the 
cominr to break down instead of be- 

theTife nf T.®'"'' should not be begun, as a rule, before 

overdone imv ®ollroom dancing is excellent exercise, but if 

meTa1™salT/-,m°‘?““ of ihetatarsalgia, i.e., pain in te 

ar? iSl Lerc® "I” ‘‘J* *'’<= Ice-skating and roller-skating 

fiS^letht W?hh- 'Vhilc skiting on ice, a viide 

in? if ifecessarv*'iL'’'^ leather strap should be worn over the stock- 

be worn outsidZt’he shofmk^^ a eg; 

of^he of the supporting slmclures 

cises have been prera?ed™The"^'-il^'''^’ “ 

prepared. They will be described later. 
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because it provides a point of attachment for the Achilles tendon and 
furnishes the initial bearing surface of the foot as it strikes the ground 
in walking, 

WTien a foot is in action, it is supported chiefly by muscles, but 
when standing, chiefly by ligaments. 

Foot Posture. — Normally, a plumb line dropped from the middle 
of the kneecap falls through the middle of the tibia, the middle of the 
ankle joint and a point between the roots of the first and second toes. 
If a plumb line is dropped from the nuddle of the back of the knee, it 
should be parallel rvilh and bisect (be heel tendon. 

Footprints may reveal a high or a low arch, but they are not of as 
much practical value as is often supposed. 
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are growing very rapidly or when the feet are unusually long and 
narrow, care should be taken to see that they are fitted properly. 

4. The adult: In the care of the adult foot, exercises, massage and 
contrast baths are important. Here proper fitting is necessary. The 
fluoroscope, which is in fairly common use at present, is of great 
value in obtaining proper-fitting shoes. The most important measure- 
ment is from the tip of the heel to the middle of the big-toe joint. 

5. The foot of a pregnant woman must at all times be properly 
supported, because during this period there is a tendency to a relaxa- 
tion of the supporting structures due, first, to the altered metabolism 
and secondly, to the increased weight her feet are required to carry. 
She must not go around the house barefoot or in bedroom slippers. 
Her feet should be exercised and massaged twice daily. 

6. In old age, frequent elevation of the feet and legs is a valuable 
aid to the circulation of the lower extremities. This treatment is useful 
for any one past middle life. It may be followed to advantage for an 
hour every morning and afternoon. 

7. During and after an infection, such as tonsillitis, influenza, scarlet 
fever and the like, bedroom slippers should be avoided; great care 
must be taken to prevent the relaxation of the supporting structures 
of the foot, due to the toxemia or poison resulting from the infection. 


Under the term “occupational foot conditions,” we have the foot- 
troubles of the dentist, policeman, iceman, barber, waitress, nurse> 
orderly, chauffeur, dancer and soldier. The peculiar circumstances that 
cause these disturbances cannot be enlarged upon here, but their treat- 
ment comes under the general rules laid down in this chapter. 

Standing causes more strain on the arches than walking, because it 
furnishes no interval of relief from weight-bearing. Many persons can 
walk miles wthout tiring but suffer considerably if compelled to stand 
in a street car or elevated train for thirty minutes. 


Physiology of the Foot.— The physiology of the foot consists 
cmeuy of the mechanics of a member whose function is twofold: first, 
weight-bearing, and second, flexible locomotion. 

Normally a plumb line dropped from the middle of the kneecap 
a s through the middle of the mortise-bone of the ankle and throug 
a poinl between the bases of the first and second toes. This is known f 
the weight-bearing line. In a normal foot, a line drawn through the 
middle of the great toe and continued backward passes through a 
central point in the heel. 

Ti,I'r“ importance are the astragalus and os calcis. 

."tv because it is the mortise-bone between the leg 
and the foot. The astragalus articulates with the tibia, fibula, scaphoid 
fi"t?ornn P'hces; ft canuot move itself because 

It has no muscle attachments; it is subjected to more superincumbent 
weight than any other bone in the body. The os calcis is important 
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the inner surface (the tibials) are stretched and lose some of their 
power. It is a physiologic law that when a normal tendon is over- 
stretched it loses power and, when allowed to contract, it promptly 
does so, thereby usually gaining in strength. There is gaping of the 



Fig 21. — ^High degree oi pronation or flat feel Note large erostoses of the first 
metatarsal heads with bunions and hallux valgus 


bones on the inner border of the foot and compression of the bones on 
the outer border. 

Careful examination often reveals that the general muscular condi- 
tion of a child suffering from flatfoot is below par; there may be a 
generalized muscle weakness. Knock knees are more common than 
bowlegs. A round back is frequently present. The mother says the 
child is awkward, that it does not walk properly and that the ankle 
bones protrude. There seems to be a bone displaced; the ankles “inter- 
fere,” and the child complains of early fatigue, has “weak ankles” 
and runs the shoes over unnaturally. The child does not want to run 
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in flatfoot in cMdren, 

incCe, rnt? , treatment is very important and it 

inodmStion’of fhl “‘®''cises, massage, contrast sprays, 

Se beeneJ- f ^lany operations 

Perthe^ TieS f “trention oi flatfoot, including those ot 

Perthes, Gleich, Lord, Miller, Clark and Hoke, 

more and mo™”- “V “S?"® “<> 'S ‘''““>'>8 

consideraiioti h defect has not been given proper 

S tmdoubledly a very important factor in 

is iisu^lu , in my experience the paternal parent 

bf JJ^’piyed. The various periods at which feet should 

four vf»rc 3 ^ months, one year, two years, three years, 

anatnmir 1?'^. Naturally, one would anticipate more 

that thf of this kind in the negro, but it does not appear 

disturbanrpc^/J^^ discomfort is more common in that race. Certain 
stance unu-^ni? life might explain some cases; for in- 

dition embryo might cause it. Any con- 

had cases follivinfdirhthc”r^ “-' ^ 

C0iIcHent\v!f1f*ri'i P'™a*ed or flatfoot that appears 

esSf^ iriw *" '“"S’ ">'=«*'■. repidly growing feel, 

foot bv s trtS- mfection, such as tonsillitis, may cause flat- 

by oroLr supporting structures, unprotected 

arthritis nf rtf measures. These infections might cause a toxic 

by gtodular «' »"d 1°'™ 

weight bovs and ^ "'“^t Kkely to be seen in over- 

injury may result'i^"™^ !V'“ ‘children, 

cause. There miv ^ fiatfoot. Infantile paralysis is a frequent 

and capsules of the ra^anical effects on muscles, ligaments 

^ joinis and bones. 

changes in fiaffeerS*^ff,m^"f ^ F^tfoot. — One of the mechanical 
of the upper border of i? inward and downward rotation 

of the heel tendon ThU Another is the lateral attachment 

ical disturbance cause or the eiTect of the mechan- 

The upper border of 

inner border lower thm "’°*’*’^bone is tilted medially, carrying the 
instead of a square bW ^ *be weight strikes a glancing 

tendons on the outer surfir^ ( injurious, Tbe peroneal 

suriace of ,be leg and ankle contract. Those on 
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correct other conditions such as knock knees or bowlegs. The means 
to these ends include proper shoes, exercises, massage, contrast foot- 
baths, resilient pads, plasler-of-paris casts and operation. 

The child should be taught to walk with the feet parallel or 
toeing-in slightly. It should come down on its heels, tilt its weight to 
the outer borders of the feet and come up on the toes with a spring. 



Fic sj . — Illustrating inner and outer border ineasuremenls of H. O. Thomas 
orthopedic heel 


Shoes. — Only in extreme cases will it be necessary to have the shoe 
made to order; but it should be a well-fitted lace-shoe. The writer 
always recommends shoes that come up around the ankle; but many 
good orthopedic surgeons recommend low shoes as giving more free- 
dom to the ankles. Some authorities permit low shoes for healthy or 
only slightly weakened feet The most important measurement is from 
the back of the heel to the middle of the blg-toe joint, which should be 
opposite the point at which the shank joins the ball of the sole. Next, 
*ne shoe must grasp the heel of the wearer; it must not be too wde 
at the heel and through the shank, and should allow for the growth 
^ Pt ^ fluoroscope in fitting shoes is of great value. 

I’lexible-shank shoes are indicated when the patient needs only 
exercise; but most of the patients brought to the orthopedic surgeon 
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and play. Pain 

On viewing tne ciinu 110111 ilio oae sees Ij’® J''*!*™'"? ^ 
arch and the outward deviation of the fore part of the fo . P , 
Hne dropped from the middle of the patella falls ^ns|de the norm! 
point. A rear view reveals the ™Ts not 

A plumb line dropped from the middle of the ^ ;„ 50„e 

parallel with the heel tendon. The heel is flattened „ 

Lses prodneing the “heel of the ape.’ The P™X "ranM S” 
just below and in front of the inner ankle bone (the scaphoiu) 



Fio 33 — A and B, incorrect standing posture; C, correct posture. 


} side 


bles another ankle bone. It is possible to have a flatfoot on on 
and a clubfoot on the other. ^ , vien'poi'’* 

The value of footprints has been overestimated from tne . ^ {g 
both of diagnosis and of progress. The print of the foot of 

misleading in that it usually looks flat. As a matter of fact, i 
a new-born infant, if cross-sectioned, Avill reveal a definite do > 
obliterated by a fat pad. One may find a foot with a high arc 
a position of strain. a^mentling 

The chances of recovering from flatfoot are very good, “y 
on how well the patient, parent or governess carries out the tr 
In the rigid type the duration of treatment may be long. 

Treatment. — The objectives of treatment are to teach 
ing, to Incrca.'ie the power of the supporting structures, to stimu 
local circulation, to correct the flattening and restore the aren, » 


Flatfoot and Its Correction ‘volume Vi] 41 

quite satisfactory for preliminary wear. It may be discontinued when 
the feet improve in strength. 

The modification of the shoe consists chiefly in .the application of a 
Thomas heel, a method devised many years ago by an orthopedic 
surgeon of Liverpool, and one that has been altered at times but never 
improved. Each child must be measured for this heel. There are four 



Fig 27 — Supination board Abo\e front and rear views 
Below, side view. 
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need both exercise and support, and the latter -need is not supplied 
except by a rigid or semirigid shank. The problem is like that of keep- 
ing a bridge from sagpng in the middle. The insertion of a cor- 
rugated metal shank changes a flexible-shank shoe into one that is 
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dimensions: the inner border height, the outer border height, the 
inner border length and the outer border length. The imitations so fre- 
quently seen of this heel are very poor. The function of the heel is 
to compel the child to walk over the outer border of the foot, and 
when properly made it forces his ankle into the correct position. Re- 
enforced uppers for “weak ankles” are used occasionally as a tem- 
porary measure. It is important that the leather reenforcement be 
carefully molded over the ankle bones, or pressure-areas will result. 

Gymnasium shoes should be worn for gymnasium use only. They 
should include the ankle and have resilient pads inserted. Ballet 
slippers should not be worn except while dancing. They, too, can be 
padded. 

The child must not go barefoot except in the sand or in soft ground. 
During convalescence from any illness, it is very important that the 
child’s feel be supported at all times during weight-bearing, because 
it is a period of relaxation of the supporting structures of the arch. 
One should never permit bedroom slippers to be worn. 

Exercises to Correct Flatfoot. — Exercises are the most im- 
portant factor in the treatment. They are active and resistive, and 
should be carried out twice daily in bare or in stockinged feet. Exer- 
cises must be done slowly, and the feet should never be allowed to 
“come down Nvith a bang.” A great many special exercises have been 
described. Some of the most valuable ate these: 

1. Stand barefoot with the feet parallel and about two inches apart, 
straddling a seam or a line in a rug. On the count of i, force the 
feet apart without actually allowing them to move apart, thus throwing 
the weight on their outer borders; on the count of 2, allow them to roll 
in slowly but not all the way. This is repealed ten times at first, with a 
gradual daily increase that may run up to 100. 

2. Same as number i, except that the two big toes are held to- 
gether and on the floor. 

3. Straddling a seam in the rug or a line on the floor, walk across 
the room wth all the weight on the outer borders of the feet and the 
toes curled downward and inward. Make the round trip five times. 

4. This is the same as number 3, except that one raises one fool so 
that it is opposite the other knee and walks across the room in that 
way, using the so-called “ostrich-step.” Weight must at all limes be 
borne on the outer border of the foot. 

5-_ The feet are held parallel, and the knees ate maintained in a 
straight position. The knees are then rolled outward, which auto- 
matically causes the longitudinal arches to rise (Lowman). This is re- 
peated from 10 to 25 limes. 

6. Rise on the toes, tilt the weight to the outer borders and come 
down in two counts. This should be done from 10 to 25 times 

7. Use a supination board about six inches high and eight feet long 
Its sloping sides being at the angle of an isosceles triangle. The child 



ir) rrh*pl«r It 

'*•» I Vclnm^ 11 


Deformities niid Disabilities of Extremities 



Flatfoot and Its Correction 


CMpter 111 4 = 

Votome Ilj 


10. Older children and adults can perform this exercise as follows: 
The left foot is turned inward and upward and held in that position, 
firmly. The right foot is placed against the left and attempts to force 
the left outward, which effort the left foot resists. Then the relation of 
feet to each other is reversed. After each of these exercises the subject 
relaxes his feet. 



Fic 3? — Ewrcise for stietchiog the Achilles tendons. (Lewin, JA 3 IA, 88, 
Apnl 9, 1927.} 


Stretching the Heel Tendon. — ^The following are a few special 
exercises for stretching the Achilles tendon: 


I. Simply walking on the heels across the room five times. 

position with the feet parallel, the patient 
-quats doK-n to the position of sitUng on the heels, maintaining the 
heels and toes on the ground. This is done in two counts. 
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walks tlic length of llip board three or four limes as one would walk 
on the rid^c of a housetop. 

8. 'J'he subject is seated on a chair with legs crossed, so that the 
raised fool can relax, lie then holds the foot at right angles with the 
leg and not turned in or out. The exercise is done in four counts. 
On the count of i, tlic foot is nlloned to relax into the position of 
toe drop. On the count of a, it is swung in; on the count of 3, it is 
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forcibly pulled upward; and on the count of 4, it is brought back to 
the startmg position, describing a half-circle. This is performed 10 
times at first and rnay gradually be increased to 25 times. 

9. This IS a resistive exercise. The subject sits on a table, ana 
second person sits on a chair. The subject forcibly swings his lom 
inward and upward and holds it in this position with .ill his power. 
The second person attempts to swing the foot outward and downward- 
This effort on the part of the second person is resisted by the subject- 
The exercise is carried out from lo to ac times. At no time should the 
second person use as much power as the first. 
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in the foot; therefore, very little space is required. They are inserted 
directly into the shoes and held by means of a special glue. 

A Goldthwait figure-of-eight leather ankle strap is of some value 
Adhesive strapping is often beneficial, especially for injured feet. 
Plaster of paris is necessary in some cases and is usually better than 
braces for short periods. Some orthopedic surgeons recommend plaster 
over comparatively long periods, in an attempt to cause a certain 
degree of rigidity or stiffness in an overcorrected position. Braces may 
be required. 

Operation is rarely indicated, except for rigid flat feet, in which 
type forcible manipulation under anesthesia and the application of a 
corrective plaster cast are of great value. Occasionally the tendons 
must be operated upon. Lengthening of the heel tendon is necessary 
in so-called “muscle-bound” feet, because patients suffering from this 
condition are unable to perform the exercises properly, owing to the 
structural shortening of the tendon. 

Other operations are those performed on the bones and tendons. 

• DISTURDANCES OP THE METATARSAL ARCH 

The subject of metatarsal-arch disturbances — popularly known as 
one type of “fallen arches” — is attaining the increasing importance 
it deserves. For a long period It was a general conception that nearly 
every condition occurring in this region was a “Morton’s toe ” The 
term metatarsalgia, meaning pain In this region, designates a symptom 
and does not fully describe the condition 

The metatarsophalangeal joints are simple ball-and-socket joints. 
Like other joints, therefore, they are subject to stress, strain, injury, 
growth disturbance and infection. The muscles and tendons of this 
region are important. 

The skin of the plantar surface of this area is unusually thick. 
The chief functions of the metatarsal regions are to afford stability 
in locomotion, to permit spring and resilience to the step and to relieve 
jars on the body, especially on the spine and the central nervous 
system. The transverse arch is highest near the midportion of the foot 
and gradually lowers toward the metatarsal heads. Considered from 
the mechanical point of view, the metatarsal arch is curved in two 
directions, laterally and from front to back. What is usually referred 
to as the rnetatarsal arch is that structure formed by the metatarsal 
heads and is the true transverse arch. This mechanical structure pro- 
tects the nerves, vessels, muscles, tendons and ligaments of the sole 
of the foot from injury. 

The transverse arch is maintained chiefly by the transversely 
uuected ligaments. When the transverse arch is properly maintained 
ine anterior pillar of the longitudinal arch rests on the heads of the 
nrst and fourth metatarsal bones only; that of the fifth also presses 
on me ground in many cases, especially when more weight is borne on 
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X. The patient stands facing the wall with the toes s 8 inches from 
it The toes are placed together and the heels as far apart as possible. 
With the hands placed against the wall and the heels ™ 

door, the entire rigid body is 

by bending the elbows, and to remain in t^his P®’''"" “ 
before returning to the starting position. This is done in tno co , 

each about ten times. tistend 

4. The apparaliis for this exercise consists of 
to the wall and a heaNy wooden block ^ V r wall, 

and 7 inches in depth, fastened to the {ioor. The patie 
standing with the anterior portions of both feet f to touch 

ing on to the handles. On the count of i, the heels 
the floor, the body being kept parallel with the 
of 2, the return is made to the starting , j j-adually. 

carried out from lo to 20 times, this number being a 
S. The patient stands with the anterior half of each 
facing upward and holding the balustrade, and al ou 
drop, He then returns to the starting position. 

Other Exercises,— Ballet dancing is excellent 
the foot-training, although much of it is very hard on t 
arch at first. There arc, indeed, some children for who j. 

mental until their feet have been strengthened by the tre 
lined here. Ballet dancing may be started at the age ^ g g or 

toe-dancing should not be started, as a rule, before the g 

10 years. ^ x • „ txA and so 

Swimming is very good e-xercise. Roller-skating also is go ' y. 
is ice-skating, but both may be harmful at first unless prope ^ , .^g 
tions are taken. The child should wear a wde figure-of-eig . . 
or leather strap outside of the shoe. Kiddy-cars may be j 
under certain circumstances. . , ., yg{jie 

Massage of the feet and legs should be given twice 
olive oil or cocoa butter. The movement should be deep ana 
In the case of painful feet in older children, an anodyne 
should be used. Contrast foot bathing should be prescribed 0 
children. , j. 

Support for the lon^tudinal arch, is obtained by means 0 
rubber pads. These afford a resilient support and thereby **^^*'^ thoss 
spring of the gait. They are preferable to rigid supports, such as 
made of metal, celluloid or leather. Metal arch-supports preve 
supporting structures from growing stronger. >,pfause 

I have long since discontinued the use of leather insoles, ^ 
they confuse the shoe-fitter, who cannot judge accurately th® ^^rcu- 
of space to be allowed. He should be instructed to fit the foot a 
rately without allowing for anything. The pads go into natural non 
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proper shoes and incorrect shoe-fitting. Short stockings and the pulling 
of stockings too tightly are additional factors. Heredity may be im- 
portant, especially in the rheumatic and “high instep” pes cavus cases. 



Fic 35 —Modification of shoe for correction of anterior arch depression A, sole of a 
proper walkini;-$hoe B, position of leather metac-irsal bar, inch thick and i inch wide 
C, position of metatarsal crescent and relation to heads of metatarsals 
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the foot. If tlie tr.insvcr.se arch yields, the lic.ids of the intervening 
mctal.irs.il bones receive undue pressure and c.ilIosities develop under 
tlicm. Wlicn tlio muscles of this region arc paralyzed or weakened, 
the toes assume a position of “ebu'toe" and llic normal gait is inter- 
fered with. Conversely, if the toes arc forced to assume a position of 




Fig. .^s.—A, normal (wriilfin of mcl-ntaml hracb j,,rtjon el 

prcveil melalar^.al arch. C, deptc$$ion of fourth meialar*-'* lirad. w'th P^° 
callosity. 



Fic 34 — Door-stop ewrcisc for metatarsal arch weakness. 


clawing by any agent, such as improper shoes, these two S^oup^ ° 
muscles are unable to function properly, and the unopposed acuu 
of other muscles aggravates the clawing and forces the meta 
heads to assume a depressed position. 

Causes of Depressed Metatarsal Arch— Ifetatarsal 
are due to various causes. Comparatively infrequent in childhood, 
are very common in adults. Women suffer from them more often 
men, undoubtedly because they are so frequently the victims ol im 
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cation of an anodyne lotion, is used in conjunction with hot applica- 
tions and elevation of the feet. 

Shoes must be of straight last, round toe, medium-width shank and 
moderate-height heel. The shank should be rigid if there is an accom- 
panying disturbance of the lonptudinal arch. The fitting of the shoe is 
very important. Even custom-made shoes are often too short. The 
shoe may be modified by the addition or insertion of a metatarsal bar 




Fig 3S — Metatarsal elastic band 


or, preferably, a crescent. Into the shoe there should be inserted a felt 
pad properly shaped and beveled to support the depressed structures. 
Ihis pad may be applied directly to the foot temporarily, secured by 
means of a resinous glue and strips of adhesive plaster or by means 
of a simple elastic metatarsal cuff, which in itself has some value in 
supporting the arch laterally. A laced leather cuff is preferred by some 
orthopedic surgeons. An adhesive compression band often affords con- 
siderable temporary relief. 

The fell pad is usually inserted directly into the shoe, being secured 
by means of glue. An insole is not essential. Because it is not physio- 
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''' ’’I’'™"*;''* »' mclalarsalgia. Infections of 

mnv {» f t ■■* ff"' ■'’'‘■'re of these eases. The infection 

' '"i ' •■'•'' '''f 0 '" 0 ‘f teeth, tonsils, sinuses and, 

'’‘^’'■.'0 organs. Toxemia, as from pregnancy or from an 
‘ is a lausalive factor. Static disturbances, 

such tis prolonged standing on hard floors, predispose to arch tronbles. 

yaribus sorts arc very import.ant, such as the sprain or 
^ 1 1 seen m tfic chauffeur’s foot or in the dancer’s foot, especially 
f!!r injury from shoes has been mentioned. Injury 

y tailing objects or being stepped on by another person or by an 
imai may cnu.<o mctatarsalgia. I have seen a nurse who developed 
metatarsaigia following the accidental shooting off of all her toes. I 
^ physician who had mctatarsalgia following a septic 
imcction of the metatarsal region as a result of the piercing of his 
s IOC by an infected knife which dropped during an operation. Frac- 
tures, dislocations and burns, both by heat and by chemicals, may 
result in mctatarsalgia; the same is true of a "high instep," sometimes 
appearing at puberty; disturbances of the circulation; frost-bite, chil- 
Warns, trench foot, and soft corns. 

<lcpression or inversion of the arch, which normally is 
■ fUa produces pressure on the nerves and relaxation of 

and soft corns (usually between the 
fourth and fifth toes) are common. 

symptoms of metatarsal arch disturbances are 
times, spasm of the muscles and contracture of 
inv#>r«fnn physical conditions of metatarsal depression are the 

nsinllv rfxi formation, sensitiveness and tenderness, 

anathfir pcnostitis. Every schoolboy knows that if he can grasp 
«5ion ht> ^ hand, depress the knuckles and e-xert lateral compres- 
metatarsal arS"^^ ^b^ibfious situation is found in a depressed 

usually not necessary in making a diagnosis, 
side ^ desirable. They reveal the depression on 

fifth metatar^^-,1^ r bunions, "bunionetfes" (overgrowth of the 

sesarnoidsundenhTbiitoeloim, 

cooperation result of treatment depends on the 

the usual tvoe nf course is often long. The treatment of 

the latter beina r ^’^'^realgia consists of local and general measures, 

consists of refef frn™ <Ha‘«ri'ances. The local 'ream®' 

shoeing, metatarsal ‘Citation, proper shoes and 

of the supporting stnictwes oTtU'"' restoration of pc'*® 

fro^n.tei 5 :^eir?nT?„“'S^ t-X b^^tcompifshed by rest tmd t^f 
wring, jn the severe cases, rest in bed, ivith the apph- 
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they are screwed into a board about 14 inches long, 8 inches wide and 
2 inches thick. The centers of the door-stops should be 6 inches apart. 

The board is placed on the floor, and the patient sits on a chair in 
front of it. Each foot is placed on a door-stop with very slight pressure 
just behind the metatarsal bones. On the count of i the toes are 
forcibly curled down, and on the count of 2 they are allowed to relax 
slowly. This is continued until one has counted 200. (This number 
should be attained gradually.) 

Towel Exercise. — The patient sits in a chair. A large hand-towel is 
spread on the carpet, rvith the narrow edge facing the patient. Both 
feet are placed on the towel so that half of each foot is on the towel. 
The towel is grasped with the toes of one foot, then with the toes of 
the other. As the toes of one foot grasp, those of the other foot relax. 
This is continued until the entire towel is under the feet. 

Golj-ball Exercise. — A golf-ball is placed on the rug and rolled under 
the metatarsal arch for one minute. Then it is picked up with the toes 
of one foot and placed under the toes of the other foot, and the exer- 
cise is repeated for another minute. The patient alternates in this 
manner six times. 

Marble Exercise. — Marbles of various sizes are placed on a rug. 
The patient sits in a chair and picks up marbles nith her toes. 

Pencil Exercise. — A round pencil is placed on a hard floor, and, by 
means of the curled down toes, the patient pushes and pulls the pencil 
around the floor with short, quick movements. 

Arch-supports. — ^There has been much discussion concerning metal 
arch-supports. It is the writer’s belief, based on some years’ e.xperi- 
ence, that metal arch-supports, because they act as props or crutches, 
are of doubtful value. While they brace or hold up an arch, they do 
not increase the power of the supporting structures of the arch; in 
fact, the effect produced is generally one of weakening, and they are 
therefore not recommended. Arches can be held up by resilient ma- 
terial which not only supports but tends to increase the strength of 
the supporting structures of the feet. 

Diathermy, negative galvanism and sinusoidal current are helpful 
adjuvants in the treatment of metatarsalgia. Plaster-of-paris casts are 
frequently required. Less frequently is operation necessary. 

Among the allied conditions found are profuse perspiration, ring- 
worm, hard and soft corns, calluses, warts, bunions, “bunionettes,” 
hammer toes, contracted tendons, circulatory disturbances and a stiff 
big toe. 

ANKLE SPRAINS 

A sprain is a stretching or tearing of the muscies, tendons, ligaments 
or capsule of the joint. A fracture is a break of a bone. There is a 
saying that a sprain is worse than a broken bone. This is untrue 
.'lany sprains, however, are improperly treated because the roentgen- 
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logically correct (o compress the ciclicatc foot muscles between the 
rigui bones above and a rigid object below, I practically never use a 
mclal plate lo snpjK>rl a deprcssec! metatarsal arch, depending cntUcly 
on the resilient sut)porl of the fell paii. Tlic patient’s hose should Ik 
long cnongii and nnist not be drawn too tightly. Massage of the feet 
twice daily with a special ointment Is verj* valuable. Contrast foot- 
baths afford the feet a very valuable Ionic, 


on dS^toL arch A. the door-stop Uoatd; B. res 

theses downS jvJjTh^LS""”*"'' Hl^stmted in C-namety. torhnfi 

^ Relvfuz. Exercises.— Special exercises are of the greatest value 
Iff of th« supporting structures and the flexibility 

of .the metatarsal arch Numerous exercises have been described and 
recommended. The followng have been found of much value. Each 
exercise is done rvith the bare feet twice daily: 

Sxcrefsc.— -Two old-fashioned door-stops, obtainable aj 
the hardware section of one of the s-and-ro-cent stores, are prepared 
for use by removal of the rubber tips rvith a pair of nippers. Then 
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There is still a divergence of opinion concerning the immediate treat- 
ment of a sprained ankle. The following is a good routine: 

1. Give it absolute freedom from bearing weight. 

2. Elevate the entire limb. 

3. Apply a snug gauze bandage over sheet-wadding or cotton, 

4. Apply ice bags. 

5. Have a roentgenogram made and strap the ankle with adhesive 
or, if the sprain is severe, apply a plaster-of-paris cast. 
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IhD application of a firm adhesive strapping. .After seven too 


r.r.?!T' • ; . ■ . i' i 

M I i • ■ ‘ . I I 
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Fio 4a — Adhesive strapiHns lor sprained ankle. 

days an elastic anglet or resilient bandage is worn. of 

morning and evening for massage and wntrast baths. If ..goients 
radiant heat can be given, it will hasten recovery. Passive mo . 
of the joints by a second person and active movements but ^ out 
bearing by the patient are very important and should be car 
within the limit of pain 
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fic 48— Pes cavui, or hollow foot Note the high longttutUnal and Jow tr3DS\erse arches 


and determine the amount ol blood going to the tissues. They are not 
under the control of the individual. They are affected by such poisons 
as alcohol, tobacco, lead, arsenic and infections. 


RIGID TOE JOINT 


Hallux rigidus, or rigid big-toe joint, whether of the flexed or the 
straight variety, may be relieved by the insertion of a thin strip of 
steel the entire length of the sole of the shoe, in order to prevent 
movement at the big-toe joint. True gout is not seen very often at 
present, but there is a very definite rheumatic condition occurring in 
the region of the big-toe joint that is either caused or aggravated by 
disturbances of metabolism, especially the metabolism of meat, fish and 
eggs. Sesamoiditis is a painful condition involving the under surface 
of the big-toe joint. The sesamoids in the tendons are subject to much 
stress and strain, especially in stepping or jumping from a height or 
m dancing. Often the roentgenogram will reveal a division of a 
sesamoid resembling fracture Many of these are developmental pecu- 
liarities which are especially susceptible to injury. Usually relief from 
weight-bearing affords comfort, but occasionally removal of the bone 
is necessary. 

HALLUX VALGUS 


Hunions are due to bursitis, or inflammation of the bursal sac, in the 
region of the big-toe joint. Hallux valgus is the outward deviation of 
the big toe with the formation of an overgrowth of bone (e.xostosis) at 
the big-toe joint The chief causes are heredity, short or pointed shoes, 
short stockings, infection or injury. The most important prophylactic' 
or preventive, measure is proper shoes and shoe-fitting from infancy 
to old age. ^ 
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6. Crulclics sliould be used. 

7, The hot should not han^j down for long periods. The guides, in 
this respect, arc swelling, blueness and pain. 

Tlic arteries of the limb.s have sympathetic nerves in their walls. 
These nerves control the si/e of the operrings to the smaller vessels 
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HOLLOW FOOT 

Pes cavus, or hollow foot, is an exaggeration of the longitudinal arch 
with depression of the metatarsal arch. There is usually limitation 
of dorsiflexion. 

Heredity is an important factor. I have seen three members of one 
family with this deformity. High-heel shoes, excessive use of the calf 
muscles (sometimes seen in dancers), infantile paralysis, neuritis in 
childhood, gout, rheumatism, injury and habitual posture of the foot, 
such as is seen in compensation for a short limb, are other factors in 
causing this condition. 

CALCANEAL SPURS 

Etiology. — It is the customary teaching that all calcaneal spurs 
are gonorrheal in origin This is grossly wrong. The various factors are' 
as follows: First, focal infections with the ordinary cocci, gonococci 
and spirochetes; second, metabolic disturbances, especially of gastro- 
intestinal and gallbladder origin (I have seen a large number of cases 
in which the metabolic factor either was most important or was an 
element in the exaggeration of other factors, possibly in the nature 
of a sensitization process); third, trauma, due to injury and improper 
shoes; fourth, static, due to flat feet, and fifth, a pathologic condition 
of the plantar fascia — a short plantar fascia pulling on its attachment 
to the os calcis. 

Anatomy.— The plantar fascia takes its origin from the tuberosity 
of the os calcis If pressure is applied to this area or if the plantar 
fascia pulls on its attachment, there will result a slight separation or 
pulling off of the periosteum at this point. Owing to the stimulation 
of trauma or infection, or both, osteogenesis occurs more actively and 
a vicious cycle is established, i.e., as the periosteum separates, new 
bone formation occurs and a spur results, due to the proliferation of 
the osteogenic layer of the periosteum. 

Symptoms. — The symptoms are pain, tenderness, swelling and limp. 
The onset is usually gradual except when due to an infection, such 
as acute arthritis, when it may be very acute. The pain and tenderness 
are usually along the internal lateral border of the os calcis or at the 
attachment of the plantar fascia. The roentgenogram may or may not 
reveal a bony spur, depending on the duration of the pathologic con- 
dition and the density of the spur Many very painful heels are seen, 
roentgenograms of which reveal no spurs. 

Diagnosis. — The differential diagnosis rests between osteoma, flat- 
loot and arthritis. 

PrognQsU._The prognosis of complete relict is good if the spur is 
me only cause of trouble II there is an arthritis of the foot, removal 




Apophysitis of Os Calcis ‘^lume nl 

It is a fairly common condition, occurring usually in boys between the 
ages of nine and thirteen years. The probable cause is concerned with 
two factors: local injury, either external or internal, and local circu- 
latory disturbances affecting the growth center during a critical period 
in its development. The treatment consists of immobilization in plaster 
of paris and relief from weight-bearing, plus general hygienic con- 
siderations. The chances of recovery are excellent. 

There may be a history of injury, but the initial causes differ. The 
child might have been running on hard pavements, wearing sandals 
or tennis shoes. The onset is gradual. A limp is usually the first symp- 
tom, and it may or may not be accompanied by pain. The pain is dull 
and localized to the affected area. It is less marked while shoes with 
heels are worn Pressure by the shoe aggravates the pain. Swelling 
is present. There may be obliteration of the normal outlines, due to 
thickening of the tissues. Signs of acute infection are not prominent. 
Tenderness may be present over the posterior portion of the heel for 
weeks or even months. The child does not permit stretching of the heel 
tendon, which accounts for the toe-drop position of the foot. There is 
a disinclination to complete the full step while walking. Flatfoot may 
be present. 

Roentgenograms made in two directions reveal irregularity of the 
bone with thickening in all directions. Clouding, irregularity or partial 
obliteration of the epiphysial space may be observed. 

Other conditions occurring in this area are: 

AchlUobxirsith, or inflammation of the bursa between the Achilles 
tendon and the os calcis, reveals a more superficial and localized 
inflammation. Roentgenograms of the bone are normal 

Tenosynovitis of the Achilles tendon is characterized by pain re- 
ferred to the tendon and by palpable grating, crepitus or roughness on 
movement. The roentgenogram is negative. 

Bursitis between the heel tendon and the skin is a superficial in- 
flammation, usually the result of pressure by the shoe. 


The prognosis in apophysitis of the os calcis is excellent if proper 
orthopedic treatment is instituted. The duration of the condition may 
vary from a few weeks to several months. The trouble may recur as 
a result of overactivity or injury. 


Treatment. — The treatment of apophysitis is simple. The objectives 
are to relieve the Achilles tendon of strain and to prevent weight- 
bearing on the os calcis. The most satisfactory treatment of a severe 
case consists of the application of a plaster-of-paris cast extending 
jrom the toes to just above the knee, in such a manner as to hold the 
loot in a slight toe drop— thus relaxing the pull of the calf otoud 
muscles— and the knee slightly bent. Two crutches and a two-inch 
block under the heel and sole of the opposite shoe aid in locomotion 
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of the Spur will not give sufficient relief. Most patients can be made 
comfortable without operation; others are not relieved by operation. 
There may be recurrence of symptoms and spur formation in the same 
or the opposite foot. 

Treatment. — Nonopi:rati\t. — TIic ctiologic factors, the residue of 
a gonococciLs infection, infected tonsils or teeth, should be treated if 
they can I ' ’ should be relieved il 

possible. and bed treatment, 

consisting n pbjs fomentations, 

should be given, ./vn e.weuem aiiutiyiie loiiuii ».-> described on page 7. 

Directions for the use of this lotion arc ns follows: The 
and ankle arc covered by four layers of gauze saturated wtn e 
lotion and enclosed in oiled silk or rubber sheeting. Hot . 

*of strips or pads of flannel arc wrung out of hot water, 
layers wrapped around the impervious layer, and another ° . 

silk applied. A hot water bag is placed at the side or under tne 
and everything enclosed in a Turkish towel. The foot should 
vated, A small amount of lotion is added and the fomentatio 
newed three times daily. .. „-,red 

After all pain and most of the sensitiveness have oisapp » 
plaster-of‘paris casts should be applied. Proper shoes are pr 
after casts have been worn from two to four Shoes sn 

high, laced, of straight last, round toe and mediumAvidth sna > ? 
at first. Felt pads arc inserted in the shoes to relieve , j 

on painful areas. The heel of the shoe should be entirely 
a low rubber heel substituted. Roentgenotherapy is advocated j! 
I had a patient who pounded his heels wth the flat side of a 
daily for many months and experienced relief. 

Operative. — Operative treatment consists in the causa- 

Operative trauma often stimulates osteogenesis, especially » 
tive agent is still operating. The size of the spur is not the de 
factor. The removal ot the spur is accomplished by means 0 
or ost^tome and mallet. Plaster casts are applied and snou 
in position for about ten days. 

PosTopEiuTiVE. — Postoperative care consists in the 
weight-bearing by means of proper shoes into which „ jm- 
weight-relieving felt pads. The diet should be considered ^ 
portant in cases of metabolic disturbance, and these ^^j^^iathermy 
common. As a rule, meat, eggs and fish are contraindicated. ^ 

IS beneficial for an accompanying arthritis. 


APOPHYSITIS OF THE CALCIS 


Apop^sitis of the os calds, first described fay Sever, is nu i^ufl 
tion of the cap-like epiphysis of the posterior portion of the 
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Upper Arm. — Conditions of the upper arm are chiefly rupture of 
the biceps tendon, posttraumatic, such as fractures and dislocations, 
rupture of muscle, rupture of tendon, myositis and brachial neuritis. 
The chief measures of value are radiant heat, massage and diathermy. 

Elbow. — Conditions around the elbow that are benefited by physical 
therapy are chiefly arthritis, periarthritis, bursitis, posttraumatic con- 
ditions, such as fracture, dislocation, fracture-dislocation, epiphysial 
separation, rupture of the attachments of the flexor and extensor ten- 
dons The most valuable measures are rest, radiant heat, massage, dia- 
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This case should be removed nl the end of two weeks and another 
immediately applied, extending from the toes to the garter hue, Mtog 
the fool at a right angle and not turned inward or outward. AUhe end 
of four mote weeks, this c.ast should be removed and a high, ima 
shoe, with a three-quarter-inch cork lift for ‘I’','''';'’,"'’™- t 
bearing with the nid of crutches sliould be earned out f ^ 
weeks. Contt.ist baths, baking or diathermy should be emplojea 

*Durinflhc"co«me of treatment, emphasis sh?«W ^ 

direct sunlight and proper fo^. H a glandular disturbance p > 

proper treatment should be instituted. . . 

If the ease is so mild that the foregoing treatment is n 
it will be sufficient to elevate the heel, remove jjjay 

and insert a pad of felt or sponge rubber m ^ Kubber 

be protected by ^adhesive strapping and the llatfoot corrcciea. 
heels should be worn. 

KNOCK KNEK — HOWLEO 

These conditions arc caused most commonly by Jwe: 

nutritional disturbances. Deformity should be 
if not, it should be corrected. The means of correction 
ultraviolet lamp, modifications of the shoes, plaslcr*ot'P 
braces and operation. 


Indications ron Piivsicae TnESArv in Various Regions 

The various regions wilt be considered in the 
Shoulder, upper arm, elbow, forearm, wrist, band, hip, t b » 
leg, ankle, foot. 

Shoulder. — ^The chief conditions around and in the .^bonlder K 
that are benefited by physical therapy ace: (i) arthntis, t ' 
arthritis; (3) subdeltoid bursitis; (4) calcification m an 
the supraspinatus tendon; (5) brachial birth palsy; 
and dislocations; the most important being subdeltoid 
calcification of the supraspinatus tendon, arthritis and .yu|ng 
In arthritis, the tendency is for an adduction deformity - By 

contracture of the subscapularis aad pectoralis major „ jiave 
means of physical therapy these can be prevented and, ii tney 
occurred, much can be done to correct the deformity. 

The measures which are most valuable are: rpt, radian 
massage, passive and active movements, manipulation, plaste 
braces and diathermy. rntions 

Physical therapy agents are of value after fractures and ? tjjg 
of the shoulder. One must beware of displacing the fragments ^ 
case of fracture, and displacing bones in the case of distoca 
producing redislocation. 
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splinting midway between pronation and supination, local applications 
of heat, very gentle massage and diathermy. Operation is frequently 
required. After fractures of the elbow in children, there is danger of 
myositis ossificans. After dislocations about the elbow, physical therapy 
must be very carefully instituted because of the danger of adhesions 
and stiffness. 

In cases of dislocation of the upper end of the radius with rupture 
of the orbicular ligament, suture of this structure may be required, 
using fascia as a plastic means of reconstructing the ligament. 

Forearm. — Conditions in the. forearm include rupture of muscles or 
tendons, myositis, fibrositis, paralysis of muscles, pronation contrac- 
ture, Volkmann’s ischemic contracture; posttraumatic, such as frac- 
tures and synostosis. The most valuable physical therapy measures 
are rest, radiant heat, massage, diathermy, and active and passive 
movements 

Splinting of the forearm, wrist and fingers in cases of Volkmann’s 
paralysis is very important if operation is to be prevented. 

Wrist, — The conditions at the wrist which are benefited by physi- 
cal therapy are: arthritis, fracture, dislocation, fracture and disloca- 
tion, epiphysial separation, fracture and dislocation of the carpal 
bones. The most important fracture is of the scaphoid; the most im- 
portant dislocation is that of the semilunar. After proper reduction or 
extirpation of the involved structures, physical therapy measures are 
of value, and the most important arc rest, radiant heat, massage, dia- 
thermy, active and passive movements. 

Hand. — The important conditions in the hand are contractures of 
the hand, the fingers and thumb, arthritis, posttraumatic, such as 
fracture and dislocation, ischemic contracture and wristdrop. The most 
valuable measures are radiant heat, massage, diathermy, manipula- 
tion, active and passive movements, support, such as braces, plaster 
casts and special splints. 

In case of Dupuytren’s contracture, many of these can be pre- 
vented in the early stages by splints If they cannot be prevented, 
operation is indicated. The best operation is that described by Kanavel, 
Koch and JIason. 

Hip, — In the hip the most important conditions are flexion con- 
tracture, arthritis, periarthritis and bursitis. 

An adduction deformity may require tenotomy of the adductors. 
In a case of trochanter bursitis — that is, bursitis in the region of 
the great trochanter— rest, local applications, radiant heat and dia- 
thermy are indicated. 

Thigh.--In the thigh the important conditions are mvositis fnr 
lures, bursitis and naralvsis. niyosuis, irac- 
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thermy, and passive and active movements. Ilraccs, splints and casts 
arc of value. Manipulation under anestlicsia is valuable in cases oi 
adhc.sions. 

Bursitis in the elbow region: There is a condition known as 
tennis elbow, epicondylitis, or rndiohumcral bursitis, which is caused 
by tennis playing and other activities. The treatment includes rest, 





In the thigh, rider’s muscle is due to irritation, and in some cases 
it is amenable to treatment by rest and very gentle massage. In 
some cases operation is necessary. 


Knee. — ^The important conditions in and about the knee in- 
clude: arthritis, internal derangements, external derangements, condi- 
tions affecting the bones, muscles, tendons, and ligaments, fibrositis, 
traumatic synovitis, fractures, dislocations and bursitis. 

For the knee conditions, one recommends rest, radiant heat, massage 
and diathermy, which are usually very effective. 



Fig 57— Lfwin's aluminum forearm and hand splint. 


In semilunar cartilage disturbances, the treatment includes manipu- 
lation, nith or without anesthesia, retention in a plaster-of-paris cast 
for a few days and physical therapy, including radiant heat and gentle 
massage. If the cartilage slips out repeatedly, operation is indicated. 

One of the most important considerations in most knee conditions 
Js: the maintenance of tonicity of the quadriceps muscle by activ'e 
and passive movements, and electrical stimulation. 

The Jones knee cage is a valuable brace in the ambulatory treatment 
of many conditions. 

Leg.— The important leg conditions arc fractures, myositis, and cir- 
culator>' disturbances of the arteries, veins and lymphatics. 
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t'lG. 54. — Lewm’a aluminum spUnl for Kivlnll fincer or dropped phabngrtte. 
(Uwin, 90 . June jo, jojS.) 



Fio ss- Lemn’s aluminum sclini jyiti, fcan„ „jl„tain Ihumb in stsW 

tleaion and adduction. 



Fro 56 Lemn’^ afutninuni snlint u'ui. • • f 

P nr »Mh leather n-nstlet to maintain extension o' 
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ankylosis. I have divided the treatment into six sections: (i) the 
proper care of the original causative condition whether it be arthritis, 
sepsis, a gunshot wound or a fracture through or near a joint; (2) the 
use of physical therapy, especially radiant heat, gentle massage, active 
and passive movements and diathermy; (3) proper posture, so that if 
ankylosis supervenes, the joint will be in the best position for future 
use; (4) the proper use of splints, braces and casts-— this includes 
adjustable splints, bivalved casts and wedged casts; (5) manipulation 
both by the physical therapist, without anesthesia, after the use of 
radiant heat and gentle massage under warm water, and by the 
orthopedic surgeon, under anesthesia. In the case of manipulation, 
great care, judgment and past experience are necessary to determine 
whether manipulation under anesthesia is indicated and to what degree 
it may be reasonably carried out; (6) operation which includes syno- 
vectomy, osteotomy, cheilectomy and arthroplasty. 

The most valuable literature on the subject of stiff joints is that by 
Sir Robert Jones, Henderson, Elmslie, Bristow, Bankart and Fisher. 

Hysterical stiff joints and malingerer's stiff joint: 1 saw several 
cases during my army service in the camps in America, where soldiers, 
in an attempt to be released from active duty, declared they had a 
stiff knee in flexion or extension, a stiff elbow, a stiff shoulder or stiff 
spine. Under anesthesia the stiffness disappeared entirely, and the 
soldiers were proved to be malingerers. 

ARTHRITIS 

_ The writer is not a physical therapist, but, because a large propor- 
tion of his work is in the field of arthritis, he has had the opportunity 
of observing, critically, the effects of various physical therapy agents 
and agencies on individuals suffering from various conditions which, 
to the majority of clinical obser\’ers, have been, correctly or not, 
included in the term arthritis. 

These conditions are arthritis, synovitis, neuritis, myositis, fibrositis, 
myofascitis, bursitis, tendonitis, tendovaginitis and gout. 

From the orthopedic point of \dew, in the treatment of a condition 
like arthritis, where so many remedial agents are used, it is difficult 
to evaluate the effect of each one. The operator, the apparatus and the 
stage of the disease are variable factors. The patient’s statements are 
of value, although often unconsciously incorrect. 

It is a combination of factors that usually causes arthritis; likewise 
a combination of agents may be necessary to relieve or cure it. 
Phj'sical therapy is an important adjunct in the treatment. 

The direct treatment of a patient with arthritis deformans may be 
divided into three divisions, viz., local, focal and general, 

, The most important factor, especially from the patient’s standpoint 
Js the relief from pain. This must be accomplished. It should be done 
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motion is encouraged. After the acute stage has passe , 
joint function must be restored if possible. The best ^ oc 
secured through very gradual use of the joints by quic 

pational work. Manipulation is used less and less, an ^hole, m 
method is being displaced by more gradual and, on tne 
satisfactory daily exercise, with rest periods. By tnis, tn 
developed to keep pace with the increased range of moUo ^ 

circulation follows with more permanent results. If later, b 

cedures are necessary to obtain joint motion, the muscle^ ooner a 
used, are ready to do their share in securing motion much s ^ 
operation, and the danger from adhesions becomes less bee 
preparation. , 

In arthritic conditions one must realize the importance 
tion between the orthopedic surgeon and the internist. 




and Disabilities of Extremities 




Sciatica 
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In the treatment of arthritis of the spine, one should consider 
traction, Bradford frame, heat, massage, diathermy, posture, exer- 
cises, strapping, braces, belts and electrical stimulation of atrophic 
muscles. 


SCUTICA — SCIATIC S\'NDROiIE 

Sciatica, or the sciatic syndrome, is a condition characterized by 
pain along the course of one or more of the nerves of the lumbosacral 
plexus j the most common radiation of pain is dowm the back of the 
ttugh, into the leg and dovm to the heel. The pain, however, may 



Fic 64 — Plaster-of-paris body cast used in the Ireatmmt of arthntb of the upper 
lumbar spine 


radiate down the inner or outer border of the thigh, rarely down the 
front. The term sciatic syndrome is preferable to sciatica or sciatic 
neuritis It is not a neuritis, but a neuralgia or symptomatic neuritis. 
Primary sciatic neuritis is a rare condition usually caused by lead, 
arsenic, syphilis or alcoholism. The symptoms include pain, with limi- 
tation of movement and, in cases of sciatic scoliosis, a lateral shift of 
the body. Roentgenograms often rewal hypertrophic arthritis in the 
lumbosacral or sacro-iliac joints, or both. The differential diagnosis 
is important, and one must exclude cord tumor and tuberculosis and 
nialtgnancy of the spine. In order to exclude cord tumor, every patient 
should have a neurologic e.xamination. 

The treatment includes removal of foci of infection, such as in the 
teeth, tonsils or intestinal tract. Treatment of the arthritis of the spine 
includes symptomatic treatment to relieve pain. Radiant heal, gentle 
massage and diathermy are usually effective. In some cases massage 




7(5 [voiumVxV Deformities and Disabilities of Extremities 

AUTIIRITIS OP Till*. SPINE 

Arthritis of the spine is tisually of the hypertrophic type. Pure, 
imcomphcalcd atrophic arthritis of the spine is rare.^ In fact, there 
are numerous clinicians who arc unable to recall one instance oi un- 
complicatcfi atrophic arthritis of the spine, even though they have seen 
large numbers of the hypertrophic type. Therefore, we may say th^ 
arthritis of the spine is usually of the hypcrirophic type manifested 
by pain, local and referred, limitation of motion, a slj» or even 
a poker spine, tenderness to movements, sensitiveness to jarring, pain 
on sneezing, coughing or straining at the stool; roentgenograms reveal- 
Ing the hypertrophic or ostco-arthritic changes. 



Fjo. 6j.— C orwl fpinc brace. 



Brachial Neuritis 
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and diathermy may aggravate symptoms. Putli recommends a bivalved 
cast made with the patient in the deformed position, and the use of 
heat from an alcohol lamp in the form of Bier’s hyperemia. In some 
cases it is advisable to stretch the lumbar spine and limb, described 
under “manipulation of the spine ” I have had considerable success 
with the combination of caudal epidural injection of i per cent novo- 
caine combined ^vith manipulation under anesthesia. 



Fig 66 — Scutic scoliosis due lo arthritis at the lumbosacral joint. 


BRACHIAL NEURITIS 

Brachial neuritis corresponds with the sciatic syndrome. Brachial 
neuritis means pain along the course of one or more of the nerves of 
the brachial plexus. The cause is usually hypertrophic arthritis of the 
cervical spine. The symptoms include pain along the distribution of 
the nerves of the brachial plexus. Roentgenograms may show hyj^er- 
trophic arthritis of th#> cervical spine The treatment includes treat- 
ment of the primary i..mditions or foci of infection, symptomatic treat- 
ment for pain, rest, support, heat, massage, diathermy and very gentle 
manipulation 
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The treatment of the congenital type may be divided into early, in- 
termediate and late treatment. The measures which are of value in- 
clude exercises, massage, and correct posture day and night. Immobil- 
ization can be secured by means of a special collar made of cotton, a 
brace or a cast. Operation includes division of the sternal and cla- 
vicular heads of the sternocleidomastoid muscle, or a plastic operation 
known by the name of Foederl. After operation, a cast to maintain 
overcorrection is advisable, this to be followed by a brace, exercises 
and massage. 

Included in traumatic torticollis should be mentioned ordinary 
stiff neck due to exposure to changes in temperature. An ordinary stiff 
neck that a patient awakens with is usually due to a myositis or a 
neuritis. This torticollis occurs during sleep, when a draft of cool air 
blow’s on the neck causing congealing of the muscles and compression 
of the nerves, or a neuralgia followed by muscle contracture or fibro- 
sitis. The treatment includes radiant heal, gentle massage, gentle 
manipulation and the application of a cotton collar. 

In OCULAR TORTICOLLIS, the treatment includes, in addition to the 
orthopedic management, the correction of the ocular disturbance. 

In HYSTERICAL TORTICOLLIS, the physical therapist and the ortho- 
pedic surgeon can be of great assistance to the psychiatrist. 

NEUROLOGIC CONDITIONS 

The chief neurologic conditions to be discussed include poliomyelitis, 
spastic paralysis, brachial birth palsy, syringomyelia, tabes dorsalis, 
multiple sclerosis, hysteria, pseudohypertrophic muscular paralysis, 
ataxia, peripheral nerve wounds and other paralytic and neuromuscu- 
lar conditions. 

In the treatment of tabes, the physical therapist can do a great 
deal in neuromuscular reeducation by the various methods, such as 
the Frenkel series. In maintaining the tone of the skin, muscles, liga- 
ments and nerves, massage very carefully applied is valuable. Exer- 
cises under warm water are beneficial. As aids in locomotion, crutches, 
canes and various mechanical walkers are useful. 

In the treatment of multiple sclerosis, one should try radiant heat, 
very gentle massage, exercises, neuromuscular reeducation and undei- 
w-ater exercises. Sometimes diathermy is beneficial. The use of canes, 
crutches and other walking apparatus is helpful. 

The same physical therapeutic measures are applicable to tabes 
dorsalis or locomotor ataxia and syringomyelia. As is well know’n, 
Charcot joint is usually found in the lower extremity, syringomyelic 
joints in the upper extremity. The physical therapy measures include 
rest, radiant heat, gentle massage, neuromuscular reeducation, under- 
water gymnastics and the various aids to locomotion, such as walking 
apparatus, canes and crutches. 
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The treatment of the congenital type may be divided into early, in- 
termediate and late treatment. The measures which are of value in- 
clude exercises, massage, and correct posture day and night. Immobil- 
ization can be secured by means of a special collar made of cotton, a 
brace or a cast. Operation includes division of the sternal and cla- 
vicular heads of the sternocleidomastoid muscle, or a plastic operation 
fenown by the name of Foederl. After operation, a cast to maintain 
overcorrection is advisable, this to be followed by a brace, exercises 
and massage. 

Included in traumatic torticoilis should be mentioned ordinary 
stiff neck due to exposure to changes in temperature. An ordinary stiff 
neck that a patient awakens with is usually due to a myositis or a 
neuritis. This torticollis occurs during sleep, when a draft of cool air 
blows on the neck causing congealing of the muscles and compression 
of the nerves, or a neuralgia followed by muscle contracture or fibro- 
sitis. The treatment includes radiant heal, gentle massage, gentle 
manipulation and the application of a cotton collar. 

In OCULAR TORTICOLLIS, the treatment includes, in addition to the 
orthopedic management, the correction of the ocular disturbance. 

In HYSTERICAL TORTICOLLIS, the physical therapist and the ortho- 
pedic surgeon can be of great assistance to the psychiatrist. 

NEUROLOGIC CONDITIONS 

The chief neurologic conditions to be discussed include poliomyelitis, 
spastic paralysis, brachial birth palsy, syringomyelia, tabes dorsalis, 
multiple sclerosis, hysteria, pseudohypertrophic muscular paralysis, 
ataxia, peripheral nerve wounds and other paralytic and neuromuscu- 
lar conditions. 

In the treatment of tabes, the physical therapist can do a great 
deal in neuromuscular reeducation by the various methods, such as 
the Frenkel series. In maintaining the tone of the skin, muscles, liga- 
ments and nerves, massage very carefully applied is valuable. Exer- 
cises under warm water are beneficial. As aids in locomotion, crutches, 
canes and various mechanical walkers are useful. 

In the treatment of multiple sclerosis, one should try radiant heat 
very gentle massage, exercises, neuromuscular reeducation and under- 
water exercises. Sometimes diathermy is beneficial. The use of canes, 
crutches and other walking apparatus is helpful. 

The same physical therapeutic measures are applicable to tabes 
dorsalis or locomotor ataxia and syringomyelia. As is well known, 
Charcot joint is usually found in the lower extremity, syringomyelic 
joints in the upper extremity. The physical therapy measures include 
rest, radiant heat, gentle massage, neuromuscular reeducation, under- 
water g>’mnastics and the various aids to locomotion, such as walking 
apparatus, canes and crutches. ® 
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The reader is referred to such works as McLester, Evans and Strang, 
and Newburgh. Fads and fancies in diet are largely due to misinforma- 
tion fostered by the cultists or as a result of prejudice of unthinking 
people. 

Obesity is a very important consideration in orthopedic cases, espe- 
cially from the mechanical standpoint, in the following conditions: 
anterior poliomyelitis, flat feet, painful heels, sacro-iliac disturbances, 
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arthritis of all the joints, especially those of the spine, hip, knee and 
ankle. The overweight child is the precursor of the overweight adult. 

Fashion in recent years has decreed, according to Barborka, that the 
figure of women should be sylph-like; to conform to this, many women 
nave employed, on their own initiative, many ridiculous dietary meas- 

under-nutrition to ill 

Hml, f I' 's ‘he physician’s duty to point out the 
IZble f/^re'"™’ 

After an injury to the loot or ankle or knee, such as ore.r, 
<lustr,al conddions. especially fractures and dislocations of the loww 
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cxtrcmily, obesity may be ti very important stumbling-block which 
iavors prolonged disability. 


ENDOcawn Disturbances 

Under endocrine disturbances, the physical 
concerned with such conditions as obesity, leanness, FroMichs sya 

drome and slipped cpipbysis. ^ 

The chief elands of internal secretion which are on a ^ 

scientific therapeusis include the thyroid, parathyroid, piluhary, 

adrenal and ovary. . , , . ncn solints, massage 

Physical therapy measures include support, ’,jo,a aie 

and diathermy. Endocrine therapy and sometimes p 
indicated. 

CiRCULATORV CONDITIONS 

The most important circuintory conditions dhrase 

endarteritis obliterans, thronibo-anpitis ^f^scase. Space 

and causalgia. Thrombo-angiilis is known as B g j „„ fte 
does not permit description of the various tests for the ettcieacy 
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The best treatment for varicose vcim is me mic surgeon- 
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It has been stated that 9S Por cent of onnosite of the ■ 
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figures for Raynaud’s disease. . riisturbances is » 

The importance in the Iccalment of circula^ry include rest, 
improve circulation. The means of locally and 

elevation of the limb, heat, elastic compression, ® and 

to the cervical and lumbar sympathetics, special cvmpatbetlc 
postural exercises. Operations on the veins, arteries an / 
nerves are not discussed here. . *kose de- 

The most valuable postural circulatory exercises thromho* 
scribed by Buerger * under the conservative treatmen jgyeioped, 
angitis obliterans. He says: “When the ^narked 

distinct intermittent claudication being present and "Jv patient 
with or without trophic disorders, it is advisable that e 
remain in bed for several weeks or even longer, or ^^asures 
walking and standing be completely interdicted. ^ nrement of 

should be directed toward the conservation of , -atmeht 

the circulation, the prevention of traumatism, and me “ gj-vgae.” 
local conditions, trophic disorders or gangrene when these s p 
The author has suggested that certain passive exercises m y 
value in inducing hyperemia or rubor in the affected hmo anu, 
fore, therapeutically beneficial in increasing the blood supply- ^ ^ 

• Buerjicr. Leo Circulalory Disturbances of the ETtremities, Ed. h 
Saunders Co., 19J4 
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This method is the logical therapeutic outcome of Buerger’s method 
of diagnosticating impairment of circulation of the lower extremities, 
in that it uses the phenomenon of induced rubor or induced hyperemia 
in a therapeutic way. If the method be carried out daily for a suffi- 
ciently long period, it is of greater value in improving the circulatory 
conditions and in increasing the blood supply than any of the other 
mechanical or thermal means that are at our disposal. 

The procedure is as follows: “With the patient lying supine, the 
affected limb is elevated to from 6o to 90 degrees above the horizontal, 
being allowed to rest upon a support for from 30 seconds to 3 
minutes, the period of time being the minimum amount of time neces- 
sary to produce blanching or ischemia. As soon as blanching is estab- 
lished, the patient allows the foot to hang down over the edge of the 
bed for from 2 to 5 minutes, until reactionary hyperemia or rubor sets 
in, the total period of time being about i minute longer than that 
necessary to establish a good red color. The limb is then placed in the 
horizontal position for about 3 to 5 minutes, during which time an 
electric heating pad or a hot water bag is applied, care being taken 
to prevent the occurrence of a burn. The placing of the limb in 
these three successive positions constitutes a cycle, the duration of 
which is usually from 6 to 10 minutes. These cycles are repeated 
over a period of about one hour, some 6 to 7 cycles constituting a 
stance. 


“The number of seances cannot be categorically stated but should 
vary with the case. In a general way they should occupy at least 6 
to 7 hours a day, that is, every alternate hour during the daytime. 
During the hours of rest, heat is applied continuously in the form of 
an electric pad, hot water bag, hot air apparatus or electric lamp. In 
the opinion of the author, this method does far more to improve the 
circulation than either the application of superheated air (so-called 
baking treatment) or the diathermic treatment. 

“The length of time of its application may require modification, 
according to the manner in which the procedure is borne. In some 
cases, pain induced by elevation may necessitate a diminution in the 
period of elevation. 


“It is not possible to lay down hard and fast rules as to the exact 
application of this method in any given case. Its employment should 
be varied according to the requirement of each and every clinical 
stage and the patient’s response.’t 

In the treatment of arteriosclerosis, Buerger recommends several 
methods of improving the circulation. 

These include, first, the postural treatment; second, the hot air 
treatment; third, the diathermic treatment; fourth, the heat of electric 
lamps; fifth, the thermophore. 

The postural treatment, which consists in the induction of a reac- 
.onarj- h,T,crcmi.-i in the affected part by preliminary eievation of 
the leg, followed by depression of the limb in a dependent position 
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may be used with some benefit in almost all eases, except where gan- 
grene has already become extensive, where a phlegmon has developed 
or where stich changes of position arc loo painful to the patient. 
When recent extensive thrombosis has taken place, it is also contra- 
indicated. 

The postural treatment, or exercises to induce rubor and an acceler- 
ated circulation, must be varied in its method of application in each 
and every case. ''The period of elevation should be the miniinem 
amount of time necessary to produce a frank blanching of the foot. 
This is usually about 30 seconds to 3 minutes, depending upon the 
degree and extent of the vascular obstruction. The next period 01 
depression (or of the hanging leg) is to be prolonged about i or 2 
minutes beyond the time necessary for the induction of distinct rubor. 
An abridgment of this is then warranted, when the patient 
of increased pain in this position, or if the pain becomes unbearao 
after a given duration of time. The third position of rest in the hori- 
zontal may be extended at will beyond 3 minutes, provided that 
docs not sufiico to give enough repose to the patient. In general, 
should be longer in the atherosclerotic cases than in the younger pcopJ 
affected with thrombo-angiltis, since the former may find the treatme 
onerous unless sufficient intervals of rest arc provided. ^ , 

^*'The position of the resting limb In all forms of obstructive atter 
disease has not received attention from the clinicians. If careful odsc • 
vations on the appearance of such limbs in varying postures be ma 1 
especially after the induction and abatement of reactive circula ory 
manifestations, it will be noted that the color of the foot vanes coMia- 
erably when in the horizontal plane. While a normal or slightly dimin- 
ished flesh color is not infrequently seen even in advanced ar 
disease, the affected foot will often evidence varying degrees of pa • 
This may affect but one or more toes or the fore part of the foot, 0 
may involve even some of the distal portions of the leg; the do^u , 
or plantar aspect of the foot may show patches of blanching a ^ 
ing with pinkish or slightly cyanotic areas. All of these color mam es 
tions must be interpreted as indicating a circulatory insufficiency 
this position, and, as such, we may deduce lessons of proP"?. 
and therapeutic value— to wit, that such limbs are not to hn.allow 
to stay during their period of rest, in the horizontal pos'|'™' . 

somewhat depressed, just enough to bring about color evidences o 
cnculatory activity. After testing the angle necessary to hnag abon 
the return of almost normal colo?, the patient must be instrueled (M' 
this particular position is to serve as his horizontal. Indeed it is ’ 
even when asleep, to arrange the bed so as to conserve the angle P 
viously arrived at, for, harmful as is the continued stasis jJ 
prolonged standing or walking, so also is one of continued is^ert 
even if but slight, A position of elevation universally regarded as 
harmless must be avoided because of its depleting effect.” 
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PSEUDOHYPZRTROPHIC MUSCUI-AR PARALYSIS 


This condition is variously known as pseudohypertrophic muscular 
paralysis and progressive muscular dystrophy. 

The cause of the condition is unknown. The signs and symptoms 
include the following: There is a history of delayed walking, some- 
times until the third or fourth year. Tiptoe walking is the rule. The 
gait is awkward, waddling and unsteady with inability to go up and 
down stairs. Children fall frequently and are usually unable to arise 
without assistance. They tire easily. There is a marked lordosis and a 
protuberant abdomen. Usually the calf muscles are enlarged and very 
firm. There is a peculiar facial e.xpresslon which is dull and maslu 
like with inability to elevate the angles of the mouth so that when the 
child smiles, the lips spread out sidewise but the angles of the mouth 
are not elevated. In walking, the feet are wide apart, and sooner or 
later they assume a position of equinus or toe drop. They are swung 
forward rather than lifted and carried high to clear the ground. The 
child sways from side to side and he cannot sit down slowly — ^he 
collapses into a chair, unless he uses his arms and hands to break the 
fall. Winged scapulae are due to muscular atrophy. There are noted a 
wasp-waist and loose shoulders. Stumbling and falling are prominent 
features. If the child can rise from the lying position on the floor, he 
usually does so in a classic way. He turns over on his face; he 
rests on his elbo^vs and knees, climbs up on his legs by putting his 
hands on his ankles, then the legs, then the knees and then the thighs 
and, finally by a supreme effort, stands up. 

The treatment of this condition includes no specific remedy. For 
many years I have used hypodermic tablets of adrenalin, 3/200 of a 
grain each, dissolved under the tongue three times a day. More re- 
cently, Kure and Okinaka advocate the use of adrenalin and pilocar- 
pine subcutaneously. The dose for adrenalin is 0.2 to 0.3 cc. of a 
o.i per cent solution. The dose for pilocarpine is o.i to 0.2 cc. of a 
I per cent solution. The injections are repeated daily or every second 
day until at least 50 injections arc given. 

The physical therapeutic measures are as follows: The first warn- 
ing is to avoid fatigue. Electricity is of value in maintaining good tone 
and circulation. Massage Is of some value. Hydrotherapy is valuable. 
In order to teach these patients to go up and down stairs, it is ad- 
visable to use a set of 5 or 6 narrow stairs, nith a balustrade on each 
side. Retention apparatus, as a rule, is not highly beneficial. As a 
means of preventing contractures and deformities, it is advisable. A 
light removable plaster cast or brace may be used to hold the foot 
al a right angle, or a knee in e.xtension, or to support a scoliotic 


Tendon lengthening and tenotomies, when indicated, should be 
formed very carefully because of the danger of losing what 
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tone or power their muscles have, and because of the danger of pro- 
ducing the opposite deformity which may be more disabling. 

Shoes and Their Modifications 

In a discussion of shoe modification, first of all one must consider 
the type of shoe that is advisable for children, women and men. 
As a general proposition, one may say that a shoe should be straight 
lasted, round toed, have a moderate height of heel and a rigid shank. 



Fic 71 — ^The most commonly prcKnbcd iRodification of shoes (The lefl shoe ia sho\sn ) 
a Elevation of inner border of heel 
b Elevation of inner border of a flared heel 

c H O Thomas heel — prolnncation forward and elevation of inner border, 
d Elevation of outer border of sole 

c Combined Thomas heel plus elevation of outer border of sole, 
f Metatarsal cleat 
C Metatarsal crescent 

h Reversed Thomas heel Outer border prolonged forward and elevated 
The sketches were made b> Dr D H. Levinthal 


tion of the «oIe. and the metatarsal crr«cent or cleat [Philin Lewir 
burn, ij 06S-660 (Juh ) lojo 1 
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child with pscudobypertrophic muscular dystrophy anaioK I 
up lus legs.” (L>ewtn, JJtM A, 87> August T, 
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muscle pull or muscle imbalance produces disturbances oi posture, 
but to a certain extent these inherited tendencies can be overcome. 
Bad posture in many instances is only a result of habit and, by the 
exertion of will power and by proper exercises,^ good posture habits 
can, he acquired Deformity and disease have an influence on posture; 



Fio. 7J“Se\cral abnormal conditions of thf spine that are the result of consenital dis- 
orders or poor posture (Lenin, Hygm, 6, January, 1928.) 


tuberculosis, infantile paralysis and arthritis are diseases that are 
tniporfanl in this connection. 

Gotxl posture should be taught to the young child and should be 
given attention throughout life. It is of great importance that the child 
lorm correct habits of posture as early as possible, in the home in 
kindergarten and in .school. Poor posture is said to be on the increase 
and there is no doubt that it adds greatly to the stress and strain of 
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m-drtta4rthTtar'’' 

sljes'w ‘’‘"“'"“s P™P“>y shaped 

Vff ‘ Sifis and women the matter is 
nna ^ different Women arc the victims of two things; one is style 
thnr, Vk ^ ^ safesman. U'omen pre/er to fit the eye rather 

^ husband’s good 

in shoes include modifications of the heels, 
Vt«s«^ ’• big-toc region. The chief modification of the 

V. ^ Thomas heel, which is longer and higher on the inner 

nfo outer border. This compels the individual to walh 

wL »u walhing-angle, so that a weight*bearing line dropped 

^ ‘he mjddlc of the patella bisects the tibia and the astragalus, 
ne <^ief modification of the sole is the elevation of the outer border 
fifthToe ^*shest point of the wedge should be under the base of the 

^ counters include the removal of the counter for 
£icfA!°A prolongation of the counter on the inner 

nr ♦Vc 2nd support the scaphoid, first cuneiform and base 

h* the first metatarsal, 

soJp of the bigdoe joint include making the 

hp he no motion in the big-toe joint, which may 

big-toe joint^ relieving the pain in cases of osteo-arthritis of the 

bn^ftT rnodification of the sole is what is known as a metatarsal 
lavpr.; n consists of a strip of leather secured between the 

boni ^ ® ^ the heads of the metatarsal 

. Posture * 

seriau?%?nJrS.‘^^ as well as beauty in correct carriage, and many 
poor posture ^ human body are due in whole or in part to 

pass stropped from the side of the head should 

and ankle lioiip ff ^ through the middle of the shoulder, hip, knee 

fotminK the {r,\^r,yrA ^ has a correct standing posture. By per- 

stand with the barV^ ^^vements, one will attain excellent form: (0 
touch the w^i tbe wall; (2) let the head and buttocks 

the Char 

spine; and (A touch the wall with the lumbar 

to the balls of the ^bift the weight 

position. ^ step off, maintaining the body m th 

A person inherits i.- . nf 

back and a certain ivtS Parents and ancestors a certain type ° 
characteristics. Mu«;r^o Pasture just as he inherits many otn 
* Lenin. Philip. Hygeig ^ r Weakness also is inherited, and unegU 
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and mouth to function better. The person with erect carriage actually 
thinks better; he is more level-headed. 

In the chest also, poor posture causes disturbances. The cramp- 
ing results in improper physiologic action of the heart and lungs. The 
diaphragm, the large muscle that separates the thoracic from the ab- 
dominal cavity, cannot do its work properly when posture is un- 
natural. 
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Fic. 74— A, poor posture due to exace^rated lumbar lordosis; B, C and D, correct 
posture 


Proper support is not provided the abdominal organs — stomach, 
liver, gallbladder, pancreas, small intestine, large intestine and omen- 
tum — when posture is bad; they are cramped and forced out of their 
normal positions. With the stomach at a lower level, intestines pushed 
douTi, kidneys improperly supported and strain on the various sus- 
pensory ligaments, it is simple to deduce what symptoms follow. The 
circulation of these tissues is impeded, and constipation, an important 
factor in the production or aggravation of many chronic conditions, 
results. 

The pelvic organs in persons of both sexes may suffer materially. 
In women the effects of poor posture often reflect themselves in 
the uterus, ovaries and fallopian tubes. 

Poor posture of the lower c.xtrcmities results in mechanical and 
other disturbances, chief of which arc strain on the hip joint and 
mechanical strain on the knee joint, ankle and foot. Undoubtedly many 
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both child and adult life; it also exposes the Individual to the possi- 
bility of superinduced infection and trauma. 

The spine is a flexible rod made up of segments, at one end of 
which sits the head and at the other end of which sits the person. The 
spine has a normal front to back (anteroposterior) curve; it curves 
forward, backward, forward and backward again as one progresses 
from the neck to Its base; but in the lateral, or side to side, plane 
there arc no normal curves. Any lateral deviation involving more than 
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Fic 73 After three weeks of medical (;ymnastics, this boy’s posture rpbilip 

the condition shown on the left to the erect carriage illustrated on the n.,ni 
Lewin, Hygeia, 6 3 (Jan ) 1918 ] 


one vertebra is called scoliosis. As it is a flexible tod, one podw” 
of the spine cannot be changed without a compensatory chang 
least one other portion. , j-e 

Mail was not intended to walk upright. Many human ^ 

penalties for his having assumed the upright position. Witho B , 

posture the brain, heart, lungs, liver, kidneys, pancreas, muscles 
ligaments are hindered in proper function, and elimination iro 
gastro-mtestinal tract is retarded > the 

Erect carriage of the head and proper curving of the neck '.g 
muscles, ligaments, bones, joints, blood vessels, brain, eyes, ears, n 
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and mouth to function better. The person with erect carriage actually 
thinks better; he is more level-headed. 

In the chest also, poor posture causes disturbances. The cramp- 
ing results in improper physiologic action of the heart and lungs. The 
diaphragm, the large muscle that separates the thoracic from the ab- 
dominal cavity, cannot do its work properly when posture is un- 
natural. 





Fic 74.— A, poor posture due to e^acgeratcd lumbar lordosis; B, C and D, correct 
posture. 


Proper support is not provided the abdominal organs — stomach, 
liver, gallbladder, pancreas, small intestine, large intestine and omen- 
tum — when posture is bad; they arc cramped and forced out of their 
normal positions. With the stomach at a lower level, intestines pushed 
down, kidneys improperly supported and strain on the various sus- 
pensory ligaments, it is simple to deduce what symptoms follow. The 
circulation of these tissues is impeded, and constipation, an important 
factor in the production or aggravation of many chronic conditions, 
results. 

The pelvic organs In persons of both sexes may suffer materially. 
In women the effects of poor posture often reflect themselves in 
the uterus, ovaries and fallopian tubes. 

Poor posture of the lower extremities results In mechanical and 
other disturbances, chief of which are strain on the hip joint and 
mechanical strain on the knee joint, ankle and foot. Undoubtedly many 
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both child and adult life; it also exposes the individual to the possi- 
bility of superinduced infection and trauma. 

The spine is a flexible rod made up of „ u 

wbieh sits the bead and at the other end of "'h'd; ods perm ^ 
spine has a normal front to 

firward, backward, forward and backward again « P'fS 
from the neck to its ba.se; but in the lateral, !“ 

there are no normal curves. Any lateral deviation involving 


Fic 73 —Alter three weeks ol medical gymnastics, this ® .{,« n?ht iPhirp 
the condition shown on the left Co the erect carriage Ulostmca 
Lewm, Hygeia, 6:3 (Jan.) 1928J 

one vertebra is called scoliosis. As it is a change i’' 

of the spine cannot be changed without a compensatory 
least one other portion. akorders arc 

Man was not intended to walk upright. Many 
penalties for his having assumed the upright position. ' and 

posture the brain, heart, lungs, liver, kidneys, from 

ligaments are hindered in proper function, and elinunati 
gastro-intestinal tract is retarded. u nertnit the 

Erect carriage of the head and proper curving of the nec p 
muscles, ligaments, bones, joints, blood vessels, brain, eyes, > 
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and mouth to function better. The person with erect carriage actually 
thinks better; he is more level-headed 
In the chest also, poor posture causes disturbances. The cramp- 
ing results in improper physiologic action of the heart and lungs The 
diaphragm, the large muscle that separates the thoracic from the ab- 
dominal cavity, cannot do its ^vork properly when posture is un- 
natural. 



Fic 74 — A, poor posture due to eYag:$:era(ed lumbar lordosis; B, C and B, correct 
posture. 


Proper support is not provided the abdominal organs — stomach, 
liver, gallbladder, pancreas, small intestine, large intestine and omen- 
tum — when posture is bad; they are cramped and forced out of their 
normal positions With the stomach at a lower level, intestines pushed 
down, kidneys improperly supported and strain on the various sus- 
pensory ligaments, it is simple to deduce what symptoms follow. The 
circulation of these tissues is impeded, and constipation, an important 
factor in the production or aggravation of many chronic conditions, 
results. 

The pelvic organs in persons of both sexes may suffer materially. 
In Women the effects of poor posture often reflect themselves in 
the uterus, ovaries and fallopian tubes. 

Poor posture of the lower extremities results in mechanical and 
other disturbances, chief of which are strain on the hip joint and 
mechanical strain on the knee joint, ankle and foot. Undoubtedly many 


04 [55Ki,'/A' 


Deformities and Disabilities of Extremities 


cases of arthritis of the knee and hip are traceable to basic mechanical 
disturbances that have been in operation over a period of many years. 

Flatfoot is a result of poor posture in many cases and may be a 
disabling condition. The combination of a mechanical disturbance, 
such as pronation of the foot, with strain, ovcractivity, injury or in- 
fection, is a common cause of foot disability. 

The methods of recording posture arc the photograph; theschemat- 
ograph, which was invented by Dr. Mosher and Prof. Lesley of 
Leland Stanford University and is a camera-likc instrument with a 
focusing lens and a scries of mirrors, by which an image is ihrorni on 
a sheet of clear glass on which is superimposed a piece of 
paper; and the silhouetteograph, devised by Norman Fradd, which 
makes a graphic record of the posture by an arrangement for photo- 
graphing the individual in silhouette. 

Roentgenograms are of value in determining the position and shape 
of the bones. They often reveal definite unsuspected disease coQuJtions. 


Treatment. — ^The treatment of postural defects consists of prophy- 
lactic and remedial measures. Prophylactic measures consist of 
considei ations as balancing the pelvis in cases of inequality at U| 
length of legs. Attention to the feet is important. The remedial agcn 
are rest, medical gymnastics and support. The mattress must be ma 
rigid by the insertion under it of boards or a wooden frame. 
Bradford or Whitman gas*p»pc frames are valuable in some cas 
Stretching, consisting of head traction, leg traction, pelvic fraction, w 
combinations of two of these three, is valuable as preliminary treat- 
ment. 


Medical gymnastics consist of postural, corrective, fle.xibiljty, power 
increasing, breathing and relaxation exercises. In postural 
the patient is taught to stand tall, sit tali, lie tall and think tall, ne 
learns to walk with his chest thrown forward, his abdomen 
his lumbar curve flattened, his shoulders well back and upward and n s 
head upward so that he looks out of the centers of his eyes; the cbm is 
drawn straight back. He walks “chesty,” ,, 

Corrective, flexibility and power-increasing exercises are se 
planatory Breathing exercises, such as those emphasized by 
thwait and Klein, are valuable. Relaxation exercises have a dehmt 
place m this treatment. The so-called stall-bar exercise is of ' 
Ixcelltlr conditions. Swimming and ballet dancing are 

necessary, a simple corset is to be considered, 
surgeon in some cases may prescribe the wearing 
® or by an aluminum cage 

arp jacKets, aluminum jackets and plaster-of-paris cas 

aryometimes necessary m severe cases. Plaster casts may be remov 
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Physical therapy, consisting chiefly of massage, is of great value. 
Hydrotherapy, heliotherapy, phototherapy and tonics have their places 
in the treatment. 

I have designated the following ten commandments of good posture: 

1. Stand tali. 

2. Sit tall. 

3. Walk tall and “chesty” with weight transmitted to balls of feet. 

4. Draw in abdomen, pulling it backward and upward. 

5. Keep shoulders high and square. 

6. Pull chin straight backward toward collar button. 

7. Flatten hollow of back by rolling pelvis do\Tnward and back- 
ward. 

8. Separate shoulders from hips as far as possible. 

9. Lie tall and flat. 

to. Think tall. 

Conclusion 

In concluding this chapter, I wish to emphasize the importance of 
physical therapeutic agents in the prevention and correction of de- 
formities and disabilities of the extremities. In every community there 
should be at least one institution where physical therapy can be given 
in an ethical manner, under the control and guidance of a licensed 
practitioner of medicine. 

The author wishes to express his thanks to Lea & Febicer for the use of a con- 
siderable portion of this manuscript and many of the illustrations to be used in hts 
fonhcommit book. The PrinapUt and Praettte of Orlhopoedie Surgtry; also, to W B. 
Saunders Company for the use of some of the manuKnpl and some of the illustrations 
from his book, Orthopaedic Surgery for fturses. 
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CHAPTER TWELVE 


PHYSICAL THERAPY IN PLASTIC SURGERY 
ViLRAY P. Blair, M.D., and James Barrett Brown, M.D. 

Physical and Occupational Therapy in General 

The application of physical and occupational therapy plays an 
indispensable role in the care of many patients who have to undergo 
extensive plastic repairs of defects. 

Plastic operations may include the repair of recent lacerations. 
Again, a rather long series of plastic operations may be necessary to 
overcome serious defects in facial appearance and function, such as 
deforming scars from burns, or scars following operations for car- 
cinoma. finally, the plastic operation may be performed to restore 
function to a part, as in a temporomaxillary ankylosis, or to replace 
deforming scars with contractures about the trunk or extremities. In 
all these conditions physical therapy must play its part if the ultimate 
aim of the operative procedure is to be attained. 

Severe scarring and contracture deformity about the hand and 
fingers may be taken as a given case. After a long period the part may 
still be swollen and congested or it may show atrophy and poor blood 
supply. Heat, hydrotherapy, and massage for one to four weeks prior 
to the proposed reconstructive operation will usually improve the blood 
supply, overcome a certain amount of the contracture deformity, limit 
the degree of atrophy from disuse, and altogether so improve the con- 
dition of the part as to assure the best possible operative result. 
Following operation on the hand, physical therapy in the nature of 
proper splinting is immediately introduced. A little later, hydrotherapy 
is employed, and as soon as the healing of the wounds permits, massage 
and muscle-training exercises are added to the treatment. Long after 
the surgical wounds have healed, the daily use of massage, muscle- 
training exercises, active exercises, and finally, work or play, are 
necessary and should be persisted in until the greatest possible func- 
tional restoration is secured (Figs. i-S). 

Physical Therapy Agencies in Plastic Surgery 

In plastic surgery the folloffing physical therapy agencies are most 
commonly used. 
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PHYSICAL THERAPY IN PLASTIC SURGERY 
ViLRAY P. Blair, M.D., and James Barrett Brown, M.D. 


Physical and Occupational Tjierapy in General 

The application of physical and occupational therapy plays an 
indispensable role in the care of many patients who have to undergo 
extensive plastic repairs of defects. 

Plastic operations may include the repair of recent lacerations. 
Again, a rather long series of plastic operations may be necessary to 
overcome serious defects in facial appearance and function, such as 
deforming scars from bums, or scars following operations for car- 
cinoma. Finally, the plastic operation may be performed to restore 
function to a part, as in a temporomaxillary ankylosis, or to replace 
deforming scars with contractures about the trunk or extremities. In 
all these conditions physical therapy must play its part if the ultimate 
aim of the operative procedure is to be attained. 

Severe scarring and contracture deformity about the hand and 
fmgets may be taken as a given case. After a long period Vbe part may 
still be swollen and congested or it may show atrophy and poor blood 
supply. Heat, hydrotherapy, and massage for one to four weeks prior 
to the proposed reconstructive operation will usually improve the blood 
supply, overcome a certain amount of the contracture deformity, limit 
the degree of atrophy from disuse, and altogether so improve the con- 
dition of the part as to assure the best possible operative result. 
Following operation on the hand, physical therapy in the nature of 

prope — • • *. - 

is em ■ 
and 1 

the surgical wounds have healed, the daily use of massage, muscle- 
training exercises, active exercises, and finally, work or play, are 
necessary and should be persisted in until the greatest possible func- 
tional restoration is secured (Figs. i-8). 

Physical Therapy Agencies in Plastic Surgery 

In plastic surgery the following physical therapy agencies are most 
commonly used: 
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Agencies in Plastic Surgery voiane nj o 

Radium : 

I. To reduce scar tissue, as in keloids 

Occupational Therapy.— Occupational therapy, as well as the sim- 
plest massage, exercises, and baths, is of real importance for stimulat- 



Fig 9 Fic lo 


Fic 9— Boy with extensile thick, heavy scarring and contracture of arm to side, 
and thu side of chest and flank. 

The arm was entirely freed by release of the scar and complete section of the ontnn 
by the pectoralis major and latissimus doisi muscles and advancement of them higher 
on the thorax The resultant defect was grafted xxith thick split grafts taken from 
the thighs An area of more than 150 sq. in xsas grafted at one time. 

Fic 10 —Severe contractures of aviHa (anterior fold and apex) and of neck that 
has pulled jaw down into an open bite of 1 cm Note pinch or small deep grafts 
Upplied elsewhere) that have resulted in heahng of the area, but not in release of 
OMormiiy 

The head, neck, and lip were restored to normal position in one operation by 
excKiiig the scars and covering the defect with thick split grafts 

The arm was freed and the axilbty apex and antenor fold were covered with split 
^fts in one operation 


Plastic Surgery 


Massage : 

1. To prepare a part for the proposed operation 

2. To stimulate the blood supply, as in the base of a pedicle flap 

3. To attempt to reduce the amount of scar tissue 

4. To loosen up a scar and overcome a tendency to retract or 
contract 

5. To restore function, especially about the joints 

6. To loosen the contracture that takes place under skin grafts 
and flaps 

Dry Heat, as from an incandescent bulb, infra-red baker, hot-water 
bottle, or electric pad: 

I. To relieve pain 

'2. To stimulate the formation of healthy granulation tissue pre- 
paratory to a skin graft ' 

3/ To 'improve circulation: (a) to stimulate, (b) preparatory 
massage 

4. To combat low-grade infection 

Hydrotherapy, as local or general baths, local or general salt ba^s, 
whirlpool baths, hot wet packs, contrast baths (hot bath 15 nii 
cold bath 2 min., usually local): 

1. To relieve pain 

2. To stimulate a healthy bed of granulation tissue . . .t. 

3. To stimulate circulation, as warm saline packs applied about i 
base^of a pedicle flap 

4. Preliminary to massage and exercise 

5. To overcome infection 

Dry Cold, as from ice-bag: 

I. To overcome traumatic or postoperative swelling 
Ultraviolet Rays, as from quartz light or from direct sunlight. 

1. To stimulate healing . . , 

2 . To improve general condition of patient, especially in chilare 
with rachitic tendency 

3. To tan, if possible, a skin graft or flap . 

4. To overcome a low-grade infection, as pimples, preparatory 
plastic operation 

X-Rays ; 

i; To overcome (i) low-grade skin infection, (2) almost any 
of surface cellulitis, including erysipelas, (3) boils, (4) adenitis, 
(5) abscess formation, (6) Ludwig’s angina, (7) acute parotitis 
2. To reduce scar tissue 
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Extensive Burns 


The immediate care of ThrlmmeS^ local treat- 

and the treatment or prevention of s .. the available 

ment is subject to so ^ that no one method can ever 

methods of treatment may be “ j j, ^ trusts to remain 

be universally relied upon Any _tre.^mentthat^a^^^^^ 1,^ 

on wounds, under f ^ 'LTltVerbSos in which the full 
sufficient for superficial burns, but tor ceep 


Fic II— Electric Iichts supply warmth By b^^'had the ^lURCsI^and the 

o\er the whole bed, easy access to the patient ^ i,e placed 

patent ha, a, much freedom of moaement “ brUdo to fii adult,' or 

across the top of a Balkan frame or a special frame may oe mau 

This patient is on a Bradford frame ^00™^ ”0 

Vhroush the rubber sheet O'er the end of ,^^ent “0 help prevent crusting 

500 to I.ooo cc. of saline solution are poured O'er tb' P® Dakin’s solution acnRavine, 
This position and the irnaat.ons are, of course, dressings 

heiylresorcinol, or any other desired actnx full-raSe movements 

The palient B Irao from tBCUote eoutmJwr., may bo 

art encouraged (and rewarded) and m this way many .1 burned area 

o'trcome or avoided even though there may ^ **^'’* 1 ^ 'mii^nt’s morale and as soon as 
The chance of treatment each day is for the 
possible, the patient is allowed to be up and around A wet ' . . ,P • jt i-.i, 

fme and it is left on until the follow.nR mornmC ''hen it is ^“^Ud loose m the bath 
Grtact dressings are rarely used if skin grafting 
promote 'e^ firm granulations As a substitute for both the wet 

; «al„ ,„ 2 bl. Idly to which has bean added a to s per cent ol sodium chlonde may 
be used (Reprinted from the Dallas M J- (Ma>) * 93 * 1 
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Plastic Surgery 


ing the patient mentally and for infusing spirit into him. Many patients 
completely disheartened with a long scries of surgical steps may be 
reclaimed mentally by the instruction and guidance of an occupational 
therapist. 

If the elaborate outlay found in most large surgical clinics is not 
available, the surgeon will often find the application of these principles 
directly advantageous in securing surgical results, even if he has to 
combine the work with his own (Figs. 7, 8 and ii). 



Fic n— Boy and pirl of Fiss q and lo shown in physical therapy department. 
The boy shows almost full extension of ann and has received great benefit ^ j 
instruction and training in this department The nerve supply of the 
latissimus was not interrupted as cxidcnccd by a pood power of adduction of tnc arn 
The pirl is able lo close her mouth and raise her head Her arm mo^emcn 
been restored to complete extension in one operation. . ,, 

0\-er large loints such as the axilla the thick split-skin graft is admirably aoapv 
Soon after healma is complete, cxerdse can be resorted to that actively 
contracture of the base of the graft Children are excellent subjects and even * 
trapeze will be of great benefit If an established department is not available »nle»>P 
children arc frequently turned loose on thdr own initialue after the idea ol acu 
excrci'C is explained to them, and they rapidly rehabilitate themsehes . .1 

Note that the thighs of both patients from which the grafts were cut are nea • 
In the pri there u but faint exidence of the wound, although the photograpn w 
taken but 19 days after the operation (Department of Physical Therapy, snrmc* 
ITo<pital ) 
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thickness of the derma has been destroyed, some plan for surgical 
cleanliness should be employed. No single method is applicable to all 
cases, but with the general plan of frequently changed hypertonic 
dressings and with close attention to mechanical cleansing at the time 
the dressings are changed, most patients will develop clean, firm granu- 
lations ready for grafting within four weeks (Figs. 12 and is)- 
After sloughed tissue has separated and there is no further toxicity 
from the burned area, there is left a denuded area that requires 
restoration of surface covering of sufiicient thickness. This restoration 
should be made as speedily as possible for the conservation of function, 
health, and comfort. Any treatment or lack of treatment that delays 
restoration is an economic waste. Especially important is surgical 
cleanliness for burns of the hand and arm, for here the important 
tendons and joint capsules are so close to the surface that prolonged 
chronic infection in granulations over them may result in permanent 
deformity. 


Saline Bath and Dry Heat. — For widespread denuded areas of the 
body and extremities, the combined use of the saline bath and dry heat 
is most efficient for cleaning these tvounds surgically in preparation 
for skin grafting. The patient is placed in a warm salt bath for one to 
three hours a day, and then lies without dressings on a bed, covered 
Nvith sheeting, to which heat is applied by a string of electric lights 
above the patient (Figs. 12 and 13). 

There are several distinct advantages in this method of care: 


(i) The patients are extremely grateful because of their freedom 
from painful dressings. Patients, both adults and children, who have 
practically lost their morale from pain and discomfort are frequently 
made comfortable after 5 to 10 min. in the bath. They may be put in 
the first time with clothes and dressings left on, and then after soaking 
for some time, the dressings may be cut loose and removed without 
pain. 


(2 ) The method is probably the least expensive of any and may be 
earned out in the home. 

(3) After the routine is once established, nursing care can almost 
supplant the <^re of the doctor except for daily inspection and neces- 
sary changes in care. 

•11I? the patient unrestrained in the bath and in the bed 

both encourage active and passive motion and reduce contractures 
to a minimum. Restraints in the form of splints, bandages, and loops 
over extremities can almost universally be avoided. Contracture from 
loss can be remedied satisfactorily only by replacing tissue, 
be relief obtained from secondary contractures by splinting will be 
osl in a few hours after removing the restraint. 

(S) As soon as the patient is able to be up and around, some sort 
dressing must be substituted for the dry heat, and for this hyper- 
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Fic 13 — ^The tub — a portable one — is shmvn tipped bath «s 

graphing) There k a support for the head, and pads arc rieanlmf*® 

comfortably warm and up to 5 per cent sodium chlonde may be , cannot be 

of course, important, but no attempt is made at sterility ^,1,. tub cleaned 

easily mo%ed, both bladder and bowel content may be passed reclinei 

out. and fresh saline added For adults, a long tub is necessary li ‘"Cy -bout 8 to 

and the hydrotherapy tub with a canvas slmg that the patient . * For 

10 in. from the bottom of the tub, with the legs and arms «,Mhod of 

badly burned patients, even though a fatal outcome is expected, 1"“ g^t seen 

k one of the most comfortable and may be continual For patients that 
with badly matted and stuck dressings, soaking in the bath is proba y 
quickest, and least painful method of removmg the dressing and crusts. . 

Thk patient was put in for a or 3 hr. each morning and frequently s p 

*^^It u necessary to haxe a nurse or attendant constantly present for children- [ 
printed from the Dalbs M J 17 sg-70 (May) 1931 ] 
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Active movement about joints may be started when it is certain the 
graft can stand it. Deep massage may help to loosen grafts from their 
bases and also help smooth them out if there is a tendency to wrinkling 
from contracture of the base. There does not appear to be accurate 
data on the reasons for variations in the color of skin grafts. Although 
they rarely “tan” on exposure to aclinic radiation, there may be some 
improvement in color (Figs. 7, 8, and 11). 

Pedicle Flaps 

Physical therapy of a tedious sort may be necessary for pedicle flaps 
that have a sluggish blood supply. Light massage with the finger tips 
along the flap three to si.x tiroes every five minutes may help replace 
the inadequate pulse, and, if this is carried out intelligently by the 
nurse, an apparently doomed flap may be saved. The use of warm 
wet packs around the base of the flap is valuable; care should always 
be taken to avoid blistering, and it is best to have the packs tested and 
applied with the fingers rather than with forceps. 

Deep rotary massage of these flaps after they have been completed 
may free them well from the base, and here again actinic radiation 
may be tried for color improvement if the flap remains a dead white. 

Cleft Lip akd Palate 

Quartz-light treatment, local and general, has apparently been of 
great value in some cases that have not withstood operation well. 
For mild cellulitis and infection of the lips, local radiation has proved 
especially beneficial. 

In infants and children it is necessary to keep the hands away from 
the mouth and light splints are used to prevent flexion of the forearms. 

Speech training is almost as important for good speech as is repair 
of the palate. With intelligent parents and patients this may be accom- 
plished at home by following simple rules, but most patients do best 
m class or under the supervision of one who is trained in the work. 

Operative Trauma 

For swelling following operations (without infection) cold applica- 
tions simply applied are the most satisfactory. One caution about the 
face is to avoid putting an ice-bag or any heavy application on an 
eyelid that is swelling, as a relatively light pressure may shut off the 
olood supply and necrosis will result. 
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Active movement about joints may be started when it is certain the 
graft can stand it. Deep massage may help to loosen grafts from their 
bases and also help smooth them out if there is a tendency to wrinkling 
from contracture of the base. There does not appear to be accurate 
data on the reasons for variations in the color of skin grafts. Although 
they rarely “tan” on exposure to actinic radiation, there may be some 
improvement in color (Figs. 7, 8, and ii). 

Pedicle Flaps 

Physical therapy of a tedious sort may be necessary for pedicle flaps 
that have a sluggish blood supply. Light massage with the finger tips 
along the flap three to six times every five minutes may help replace 
the inadequate pulse, and, if this is carried out intelligently by the 
nurse, an apparently doomed flap may be saved. The use of warm 
wet packs around the base of the flap is valuable; care should always 
be taken to avoid blistering, and it is best to have the packs tested and 
applied with the fingers rather than with forceps. 

Deep rotary massage of these flaps after they have been completed 
may free them well from the base, and here again actinic radiation 
may be tried for color improvement if the flap remains a dead white. 


Cleft Lip and Palate 

Quartz-light treatment, local and general, has apparently been of 
great value in some cases that have not withstood operation well. 
For mild cellulitis and infection of the lips, local radiation has proved 
especially beneficial. 

In infants and children it is necessary to keep the hands away from 
the mouth and light splints are used to prevent flexion of the forearms. 

Speech training is almost as important for good speech as is repair 
of the palate With intelligent parents and patients this may be accom- 
plished at home by following simple rules, but most patients do best 
in class or under the supervision of one who is trained in the w’ork. 


Operative Trauma 


For swelling following operations (without infection) cold applica- 
tions simply applied are the most satisfactory. One caution about the 
« P'^'ii'S “11 ice-bag or any heavy application on an 

eyelid that is swelling, as a relatively light pressure may shut oH the 
blood supply and necrosis will result. 
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tonic packs of sodium chloride, boric acid, magnesium sulphate, or 
any desired antiseptic may be used. Then instead of being pulled off, 
they may be soaked free in the bath each day and reapplied later. 

Quartz Light. — Quartz-light treatment of these areas may well be 
combined in this as in any method of treatment. General radiation two 
to four times a week will usually be ideal, although heavier radiation 
of local areas of persistent infection may be indicated. 

Exercises and Occupational Therapy. — General physical therapy 
in the form of active exercises of the hand, arm, or leg muscles is of 
great advantage. Any occupational therapy, especially \vith children, 
has frequently marked the turning point of recovery. The outside limt 
of activity is encouraged, even if this is nothing more than the knitting 
of a wash cloth or the cutting out of paper figures. The use of musical 
instruments or even encouragement to feed themselves may make 
marked improvement (Figs. 7, 8, and 11). 

Skin Grafts 

Preliminary Preparation. — ^Thc physical preparation of widely 
denuded areas for skin grafting is essentially as outlined under Exten- 
sive Burns. For chronic ulceration of the legs, rest in bed for 
one to three weeks may be advisable, and may in itself be the main 
element in a successful skin graft. Added to this there may be elevation 
or elastic bandaging for the support of the blood column. If the patient 
remains ambulatory, some type of hypertonic dressing plus a sup* 
portive dressing is necessary. Quartz light used locally over infected 
surface areas may be of great benefit* (Figs. 12 and 13). 

Fixation of Dressings. — One of the most essential factors in suc- 
cessful skin grafting is applying the dressing with the correct mechan- 
ical pressure on it and maintaining it in place. The routine use of 
damp marine sponges (or some other medium) for obtaining elastic 
pressure, incorporated in the original dressing of a skin graft, is as 
important as any single step in the operation. The sponge itself does 
not supply the pressure but must be held accurately in place and at 
accurate tension by the bandages.®* » 

Joint movements about grafts must be restrained by bulky dressings 
or by wood or plaster splints. 

After-Care. Good gentle mechanical cleansing is important from 
the start. If time can be taken for it, actinic radiation at the time of 
each dressing may have a beneficial effect on healing. The dressing is 
removed and all grease is cleaned from the area. The graft and sur- 
rounding area are then exposed directly to the quartz light. Usually 
the first ^sage IS i minute at 36 inches. The time is increased i min- 
ute and the distance decreased i inch up to 10 minutes at 20 inches. 
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For the contraction that occurs under some skin grafts and tends to 
wrinkle them, we have occasionally found good relief by the use of 
light exposures of radium, preferably given as soon as the w’rinkling 
becomes apparent. 


X-RAY AND RADIUXt LeSIONS 

The underlying pathology is a destruction of the collagen and an 
endarteritis of the finer vessels. This is followed by a telangiectasis 
of the capillaries, which may later become thrombosed, keratosis of 
the epithelium, and occasionally transition to carcinoma. Since the 
exciting cause is the x-ray or radium ray, it would seem inadvisable 
to employ sunlight, quartz light, or further x-ray or radium ray in the 
treatment of these lesions. However, all the above forms of radiation 
have been advised and the practice is mentioned here only to call 
attention to its apparent uselessness. The only solution to the problem 
of relief of badly or widely involved areas is total destruction by 
electrocoagulation or electrodesiccationj by the actual cautery, or by 
.w.„ 1. .• •». • . * ’ ’ (s usually 

• • * ■ adjacent 


• Repair of Surface Losses op the Hands 

The loss of surface covering of the hand results from innumerable 
types of accidents but most frequently from burns. One of the most 
crippling deformities results from injury from household mangles, in 
which there are both a severe burn and a crush. Early determination 
of the extent and depth of destruction is very important in these cases, 
and where there is any appreciable extent of skin loss, steps should 
be taken immediately to clean the wounds and to cover the defects 
tissue of suitable thickness. If there is destruction of the full 
thickness over the dorsum of the hand and fingers and if some form 
01 expectant treatment is instituted in which crusts form on the wound 
slowly separate, ultimate healing may occur by spontaneous epi- 
tnelization. However, the attendant infection and scar tissue formation 
about the joint capsules and tendons will so limit motion that normal 
unction may never be obtained. Losses on the palmar surface of the 
ands and fingers do not often result in such permanent damage be- 
muse the heavy subcutaneous tissue protects the joint capsules and 
endons to a marked extent. The surface scar may be extensive, but 
open ^ it is released the tendons will give and the joints will 

j ^^®°P®^tive Period — Splinting. — During the period of waiting 
operations, correct splinting and dressing are im- 
i lant. Extreme secondary contractures in either flexion or extension 
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stood, arguments on both sides may be given for the use of one over 
the other. As a general rule, heat is probably most effective and is most 
kindly received by the patient for swelling from infection, while cold 
is better for swelling from trauma. 

For erysipelas and similar types of infection that occur about the 
head and face during the process of repair of a defect, hot hypertonic 
applications are used routinely. X-ray radiation in the form of light 
exposures may be used and excellent results are obtained in many 
instances. 

Chronic furunculosis or pimple formation is a definite contraindi- 
cation for the plastic repair of any defect because it is an expression 
of low resistance in general and because the organism, being ready 
to contaminate any field, may set up an active infection in the opera- 
tive field itself. Along with other general treatment measures, either 
x-ray or actinic radiation will be found very useful in clearing up this 
skin condition. 

, Scars 

As soon as the wound has healed in some instances, active physical 
therapy may be started to relieve the scar defect. Excellent results may 
be obtained by the use of actinic radiation, followed by heat (usually 
dry, as from a large electric light bulb or an infra-red baker). After 
this, prolonged gentle massage is given. Heat is applied over the scar 
for 5 to 10 min. Then a lubricant (cocoa butter, for example) is 
applied and the trained technician starts a gentle stroking massage. 
As the wound becomes older and therefore firmer, the strength of the 
massage is increased and should consist of both stroking and kneadii^. 
The massage should last for at least 30 min. If possible, it should be 
repeated daily for the first two weeks and then applied every other 
day until the scar has been loosened and its deforming appearance 
overcome, or until no further progress is made. 

Surface scars occurring in suture lines or around the edges of 8^®“® 
present the greatest hindrance to acceptable surgical restorations about 
the face. It seems that they occur most frequently where they are I_e^ 
desired. Plump or fat children or young adults are the most susceptible, 
probably because of tenseness and thinness of the skin from distention 
of the subcutaneous fat. Infection in the suture line during healing, 
cuts, and incisions across the lines of skin tension, and poor approxi- 
mation are, of course, contributing caus^. 

Of the many physical agents directed against these scars, radium 
seems to^ offer the best help. Capsules of 25 mg. of the element with 
a screening of i mm. of silver and i mm. of rubber applied along 
the scar for one to one and one-half hours frequently suffice. The 
dose may be repeated once or-twice if it seems advisable. 

Deep scarring does not respond well or uniformly to radiation, and 
applying the rays through any considerable thickness of tissue to affect 
deep scarring is a questionable procedure. 
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For the contraction that occurs under some skin grafts and tends to 
wrinkle them, we have occasionally found good relief by the use of 
light exposures of radium, preferably given as soon as the wrinkling 
becomes apparent. 


X-RAY AND Radium Lestons 

The underlying pathology is a destruction of the collagen and an 
endarteritis of the finer vessels. This is followed by a telangiectasis 
of the capillaries, which may later become thrombosed, keratosis of 
the epithelium, and occasionally transition to carcinoma. Since the 
exciting cause is the x-ray or radium ray, it would seem inadvisable 
to employ sunlight, quartz light, or further x-ray or radium ray in the 
treatment of these lesions. However, all the above forms of radiation 
have been advised and the practice is mentioned here only to call 
attention to its apparent uselessness. The only solution to the problem 
of relief of badly or widely involved areas is total destruction by 
electrocoagulation or electrodcsiccation, by the actual cautery, or by 
sharp dissection. It is preferable to excise xvide areas and this usually 
calls for some method of surface repair, such as the shifting of adjacent 
healthy tissue or the use of free skin grafts or pedicled flaps. 

Repair of Surface Losses of the Hands 

The loss of surface covering of the hand results from innumerable 
types of accidents but most frequently from burns. One of the most 
crippling deformities results from injury from household mangles, in 
which there are both a severe burn and a crush. Early determination 
of the extent and depth of destruction is very important in these cases, 
and w'here there is any appreciable extent of skin loss, steps should 
oe taken immediately to clean the wounds and to cover the defects 
with tissue of suitable thickness. If there is destruction of the full 
thickness over the dorsum of the hand and fingers and if some form 
of expectant treatment is instituted in which crusts form on the wound 

separate, ultimate healing may occur by spontaneous epi- 
thehzation. However, the attendant infection and scar tissue formation 
about the joint capsules and tendons wll so limit motion that normal 
unction may never be obtained. Losses on the palmar surface of the 
«ands and fingers do not often result in such permanent damage be- 
cause the heavy subcutaneous tissue protects the joint capsules and 
cndons to a marked extent. The surface scar may be extensive, but 
usually when it is released the tendons will give and the joints will 
open. ^ 

/ ^®°P®rative Period — Splinting. — ^During the period of waiting 
DO operations, correct splinting and dressing are im- 

P rtant. Extreme secondary contractures in either flexion or extension 
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stood, arguments on both sides may be given for the use of one over 
the other. As a general rule, heat is probably most effective and is most 
kindly received by the patient for sivcIJing from Infection, while cold 
is better for swelling from trauma. 

For erysipelas and similar types of infection that occur about the 
head and face during the process of repair of a defect, hot hypertonic 
applications are used routinely. X-ray radiation in the form of light 
exposures may be used and excellent results are obtained in many 
instances. 

Chronic furunculosis or pimple formation is a definite contraindi- 
cation for the plastic repair of any defect because it is an e.tpressjon 
of low resistance in general and because the organism, being ready 
to contaminate any field, may set up an active infection in the opera- 
tive field itself. Along with other general treatment measures, either 
x-ray or actinic radiation will be found very useful in clearing up this 
skin condition, 

« Scars 

As soon as the wound has healed in some instances, active physical 
therapy may be started to relieve the scar defect. Excellent results may 
be obtained by the use of actinic radiation, followed by heat (usually 
dry, as from a large electric light bulb or an infra-red baker). After 
this, prolonged gentle massage is given. Heat is applied over the scar 
for s to 10 min. Then a lubricant (cocoa butler, for example) is 
applied and the trained technician starts a gentle stroking massa^. 
As the wound becomes older and therefore firmer, the strength of the 
massage is increased and should consist of both stroking and kneading. 
The massage should last for at least 30 min. If possible, it should be 
repeated daily for the first two weeks and then applied every other 
day until the scar has been loosened and its deforming appearance 
overcome, or until no further progress is made. 

Surface scars ocairring in suture lines or around the edges of gmits 
present the greatest hindrance to acceptable surgical restorations about 
the face. It seems that they occur most frequently where they are least 
desired. Plump or fat children or young adults are the most susceptible, 
probably because of tenseness and thinness of the skin from distention 
of the subcutaneous fat. Infection in the suture line during healing, 
cuts and incisions across the lines of skin tension, and poor approxi- 
mation are, of course, contributing causes. 

Of the many physical agents directed against these scars, radiuin 
seems to offer the best help Capsules of 25 mg, of the element with 
a screening of i mm. of silver and r mm. of rubber applied al^g 
the scar for one to one and one-half hours frequently suffice. The 
dose may be repeated once or twice if it seems advisable. 

Deep scarring does not respond well or uniformly to radiation, and 
applying the rays through any considerable thickness of tissue to affect 
deep scarring is a questionable procedure. 
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For the contraction that occurs under some skin grafts and tends to 
wrinkle them, we have occasionally found good relief by the use of 
light exposures of radium, preferably given as soon as the wrinkling 
becomes apparent. 


X-RAY AKD Radium Lesions 

The underlying pathology is a destruction of the collagen and an 
endarteritis of the finer vessels. This is followed by a telangiectasis 
of the capillaries, which may later become thrombosed, keratosis of 
the epithelium, and occasionally transition to carcinoma. Since the 
exciting cause is the x-ray or radium ray, it would seem inadvisable 
to employ sunlight, quartz light, or further x-ray or radium ray in the 
treatment of these lesions. However, all the above forms of radiation 
have been advised and the practice is mentioned here only to call 
attention to its apparent uselessness The only solution to the problem 
of relief of badly or widely involved areas is total destruction by 
electrocoagulation or electrc^iesiccation, by the actual cautery, or by 
, 1 .-., 1 . . . . * ’ is usually 

• • adjacent 


Repair of Surface Losses of the Hands 

The loss of surface coveting of the hand results from innumerable 
types of accidents but most frequently from burns. One of the most 
crippling deformities results from injury from household mangles, in 
which there are both a severe burn and a crush. Early determination 
of the extent and depth of destruction is very important in these cases, 
and where there is any appreciable extent of skin loss, steps should 
be taken immediately to clean the wounds and to cover the defects 
with tissue of suitable thickness If there is destruction of the full 
thickness over the dorsum of the hand and fingers and if some form 
of expectant treatment is instituted in which crusts form on the wound 
fK V separate, ultimate healing may occur by spontaneous epi- 
elization. However, the attendant infection and scar tissue formation 
about the joint capsules and tendons will so limit motion that normal 
Unction may never be obtained. Losses on the palmar surface of the 
ands and fingers do not often result in such permanent damage be- 
cause the heavy subcutaneous tissue protects the joint capsules and 
endons, to a marked extent. The surface scar may be extensive, but 
o^n ^ ''^ben it is released the tendons will give and the joints will 

Preoperative Period— SpiiNTtNO.— During the period ot waiting 
operationi, correct splinting and dressing are im- 
H rant. Extreme secondary contractures in either flexion or extension 
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deformities and even in subluxation of the phalangeal joints may be 
largely avoided by gentle dressing in simple splints with the fingers ex- 
tended or flexed as indicated. If there is loss between fingers, they 
should be held apart with even a simple piece of gauze used as a splint. 
Too often where most of the skin of the hand has been lost (the *‘de- 
gloved hand,” as used in English literature), the final result is a 
scarred mass with thin scar epithelium continuous over all the fingep 
and with function practically nil. This same thing happens in losses in 
the cubital fossa and in the a.xilla where the forearm is allowed to 
attach itself to the arm, and the arm, to the chest wall. 

Saline Bath. — I f the patient is given a warm saline bath and a 
small rubber ball or sponge to handle for one to three hours a day, he 
will probably greatly overcome the tendency to deformity. As the 
wounds become clean, gentle massage and passive motion may be 
added while the hand is in the warm saline soak. 

Postoperative Period. — After operation, in which binding scars 
have been excised or released, perhaps joint ligaments have been cut 
and there has been surface restoration of suitable thickness, a new 
drive for function must be made, and physical therapy is often pul 
to a severe test. 

Splinting. — S plinting is still imperative to overcome joinlj joint 
capsule, and tendon deformity. The main criterion is whether tne 
thumb can be apposed to the fingers, and the next is whether smtaDie 
flexion of the fingers for gripping can be established. In practically 
all cases the wrist should be cocked up if there is any involvement 
around it. As a working basis, the splints employed by Drs. Eanavei, 
Koch, and Mason may be taken as a standard. 

MAssAGE.-~Massage can usually be begun early and should be 
carried out intelligently over long periods of time. Fifteen to thirty 
minutes once or twice each day may be used if the force is carefuU) 
graduated. The massage may be given during periods of dry heat, or 
following hot wet baths, and the working time each day may thus be 
reduced, When joint motion is limited, an important addition to simple 
massage is to move the Joint through its full range of motion and to 
maintain it in its extreme flexion and extension with gentle force for 5 
to 15 min. at a time. Real pain should not be caused, but the forc^ 
should be stopped just as discomfort is noticed. Instead of being a^ 
lowed to relax completely, the joint should be maintained in this posi- 
tion, and usually in a few moments some further slight relaxation may 
be obtiuned. 

E^KCiSES.---Muscle-training exercises may be begun in the simple 
fashion of closing the hand on a rubber sponge or ball, and activity 
may be increased rapidly. 
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Joints and tendons in children respond rapidly and a normal child 
is likely to adopt the best possible activity if he is given the oppor- 
tunity of interesting play (Fig. n). 

Occupational Therapy. — Occupational therapy, by supplying the 
mechanical means and the trained instruction in gross and fine activi- 
ties, can frequently cause the patients to make rapid strides. A general 
idea of the problem must, of course, be given to the therapist by the 
surgeon, together with careful instruction as to the greatest activity 
desired. If the trained instructor adds her knowledge of diversion to 
the training, better purposeful results may be expected, and articles 
of real value may be made by even small children (Figs. 7 and 8). 
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CHAPTER THIRTEEN 


PHYSICAL THERAPY IN AMPUTATIONS 
C. C. Yoont, M.D. 

In this chapter the amputation slump will be discussed as a func- 
tioning member primarily. Surgical aspects will be considered only 
insofar as they have bearing on function. In amputations of the lower 
extremity, all stumps, except certain partial foot amputations, require 
a prosthesis. The stump is a lever which swings the prosthesis in the 
act of walking, and the efficiency of that lever depends upon many 
factors other than the mere surgical soundness of the end of the 
stump: i.e., muscle power in the extremity, condition of joints adja- 
cent to the stump, etc. Not only should a stump be so planned that its 
function will be as efficient as possible under the surgical condition 
demanding the amputation, but all means of treatment should be 
utilized to improve and hasten its early functional use. Certain forms 
of physical therapy are of great value in the preparation of the stump 
for early and efiicient function. 

The need of physical therapy treatment is, of course, greater when 
healing is delayed on account of infection and other causes, in which 
case the prolonged inactivity leads to atrophy of the extremity and 
a tendency to the development of joint contractures. 

The "stump end” (end of stump to first joint) is the weight-bear- 
ing portion of the stump in below-knee amputation, and the extrem- 
ity proximal to the stump end must function as the propelling force 
for the stump end as well as for the prosthesis. The latter averages 
about five and one-half pounds in weight. It is quite evident, there- 
fore, that the proximal part of the extremity must have normal or, 
better, above normal power and range of movement, whereas the 
stump end must inevitably undergo pressure atrophy and must de- 
velop weight-bearing tolerance. To state it briefly, then, the aim of 
physical therapy is to hasten the inevitable shrinkage; to develop 
weight-bearing tolerance in the stump end, at the same time prevent- 
mg atrophy and deformity; and to develop power in the proximal part 
of the extremity. 

Stumps That Heal Without Complications 

In amputations of the lower extremity in which primary healing 
nas taken place and in which there have been no complications of 
any kind, actual functional use of the stump can be safely started 
™ a temporary prosthesis from four to six weeks after healing 
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Fk. i^Unhealed stumps terminal scars and edematous soft parts. 



FiC. a —Sagittal thigh amputation Large terminal, infected unhealed area, adjacent soft 
parts edematous. Notice traction straps turned back- 
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of the wound is complete. Considerable difficulty in having this part 
of the program of treatment carried out will be encountered if the 
surgeon does not have facilities at his disposal for supplying the 
temporary prosthesis. Most commercial limb-fitters will instruct the 
patient to wait until the stump has “shrunk” before fitting a finished 
appliance. It is obvious that, during the period of stump “shrinkage,” 
atrophy is also taking place in the relatively inactive extremity, prox- 
imal to the stump end. 

The followng routine should be followed in this group of cases: 
Elevate the stump immediately after amputation to lessen swelling 
and the possibility of hemorrhage. Do not disturb the elevated posi- 
tion for about four days. On the fifth day, remove the stump from 
the elevated position and passively move the adjacent joints. Repeat 
this each day until the wound is healed. After healing is complete, 
have the patient move all joints in the stump extremity through their 
full range once daily. Apply a flannelette or some type of elastic 
bandage so as to exert gentle compression of the stump in order to 
prevent swelling and edema and to begin the process of shrinking, 
which later must be more vigorously pushed. 

Walking with crutches should be started as soon as the general 
condition of the patient and the surgical condition of the wound will 
permit. Massage of the unaffected extremity is not necessary in this 
group, but massage of the stump leg should be started about the tenth 
day and should be continued daily until the temporary prosthesis is 
fitted. This massage should be nutritional in type (see Chap. 14), 
the aim being to maintain muscle tone and to prevent the atrophy of 
disuse. There is little need for massage in this group after functional 
use of the stump leg is started. 

Compression bandaging of the stump should be continued until 
pressure atrophy is well advanced — i e., until the stump is ready for a 
final prosthesis (Figs. 17, 18, 19). Bandaging at first should be done by 
the surgeon or an instructed attendant. A flannelette or other type of 
elastic bandage should be applied in the followng manner: First, 
several folds of the bandage should be pressed over the end of the 
stump so that slight compression of the end and sides will result. Then 
Circular bandaging should be begun, starting at the very end and 
gradually compressing the stump circularly as succeeding folds of the 
bandage are moved proximally. The compression bandage should not 
be Carried beyond the first joint; furthermore, it should not impede 
free and full movement of the joint. After the bandage is applied, a 
tight woolen slump sock should be pulled over the bandaged stump 
to prevent disarrangement of the bandage. The amputi himself should 
c® ^^^tucted in bandaging his stump. After an appliance has been 

tied and the ampute has been instructed in the proper use of his 
appliance, there is little need for physical therapy, as functional use 

11 soon complete the atrophy of the stump end and will quickly de- 

ciop the proximal part of the stump. 
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iNFEcxm Amputations 

Cases in which healing has been delayed, because of infection or 
for other reasons, offer conditions which demand early coordination of 
surgery and physical therapy. For this reason it seems advisable to 
summarize stump pathology and surgical treatment of the infected 
stump in order to point out the essential physical therapy which 
should be administered in various forms during the progress of sur- 
gical treatment. 

Primary Sagittal Amputation. — Experience gained in the war 
shows that primary amputation in the presence of severe infection at 
the site of injury, leaving the end of the stump w’ide open for drain- 
age, should also be done in civil life under similar conditions. In 
wounds in which there is irregular laceration of the tissue, the am- 
putation need not be done exactly sagittally but may be done quite 
irregularly, merely by removing all tissue which seems to be definitely 
avascularized. For instance, if one side of the leg were shattered, leav- 
ing a long flap of viable tissue on the opposite side, it would be well 
to save an ample part of the viable flap, even though the amputation 
line would be quite irregular. In all cases, as much bone length as possi- 
ble should be saved at the primary amputation (Fig. lo). 

Pathology Referable to Bone. — Osteomi’ei-itis. — The process of 
sequestration and involucralization, with associated low-grade infec- 
tion of the adjacent parts, does not differ materially from osteomye- 
litis under other conditions, except that drainage is, perhaps, more 
thorough because it is terminal (Figs. 3-6). r i a 

This terminal osteomyelitis is one of the chief causes of long-ae- 
layed healing, and requires roentgenographic study and special trea - 
ment before secondary final plastic operations can be successfully aone. 

The most common type of sequestrum seen is ring-shaped, usna y 
about one and one-half centimeters in thickness. It is occasionally en- 
croached upon and often more or less concealed by e.xcessive hone 
production extending down from the bone cortex. In some instances 
it is seen to be practically encapsulated by new bone formation wim 
a small sinus leading through the latter. In such cases iong-delayea 
healing is to be expected, so that it is advisable to remove sumciem 
of the encircling new bone to permit the soft parts to fall m anu 
obliterate the dead space. 

Excessive terminal bone production in guillotined stumps is the 
rule. The most common form seen is an irregular mushroom formation 
with a tendency to spurs on the inner aspect of the femur. Occasional y 
sharp exostoses, often sharp enough and long enough to cause sufiicien 
pain to warrant their removal, are seen It is well not to interfere with 
the terminal bony production unless sequestra are embedded or con- 
cealed in it. 
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Interosseous bony union occurs both in the forearm and leg. In 
the former, operative interference is indicated only if the forearm 
stump is long enough to preserve pronation and supination. Treat- 
ment consists in removing the connecting bony overgrowth and the 



3 LarRe spur extending into adductor intermuscular plane from short femoral 
^ stump 

iG. 4 —Small spurs projecting from both tibia and fibula This type of spur probably 
due to stopping up and shredding of periosteum 
'<5 S— Smooth heabng of leg amputation without any bony change. (From the U. S 
General Hospital No 26, Fort Des Moines, Iowa ) 

'c 6— Arm stump, showing marked larefication of bone from prolonged disuse Healed 
without infection. 


6 [vffi/ “ Physical Therapy in Amputations 

interposition of muscle. In the leg this condition is helpful rather than 
detrimental. 

Inequality in the lengths of the bones in amputations of the fore- 
arm and leg occasionally demands correction. In leg amputations it 
is preferable, for prosthetic reasons, to have the fibula approximately 
two centimeters shorter than the tibia. In children one should always 
amputate the fibula from two to four centimeters above the tibia, be- 
cause of the tendency of the fibula to grow at a greater rate from the 
upper epiphysis than the tibia. In certain short belo\v-knee stumps it 
is possible at the primary amputation to save several inches of fibula 
but a much smaller amount of tibia. In this case, of course, there 
should be no sacrifice of fibula. 

Pathology Referable to Soft Parts. — Redundant soft parts are 
occasionally seen. This is usually due to late necrosis of bone or to 
extensive comminution of bone without equal damage to the soft 
parts. In the latter instance it is best to save all viable soft parts at the 
primary amputation, as thereby the later plastic surgery may be greatly 
facilitated. Except in certain instances, where there has been extensive 
comminution of bone, redundant soft parts are prima jack evidence 
that more bone has been sacrificed than was necessary. The secondaty 
removal of soft parts for surgical or prosthetic reasons should 
decided upon until the necessity for, and the possibility of, utilising 
them in connection with osteoplastic methods to increase the length 
of the stump have been considered. Bone grafting to increase the 
length of the stump is a well-recognized and valuable procedure and 
is specially applicable to short below-knee stumps. 

Tender nerve ends are seen most frequently in amputations of the 
upper extremity, and occasionally in those of the lower extremity. 
They seldom make themselves manifest until an appliance has been 
worn, so that in the treatment of unhealed stumps it is safest to as- 
sume that every nerve which is palpable may give trouble, and its 
treatment is indicated at the time of secondary plastic procedure. 
Simple high division after crushing and ligature seems to give results 
equally as good as those obtained with more elaborate neuroplastic 
methods. 

Preoperative and Nonoperative Treatment of Infected Stumps 

In a preliminary report of experiences in treating the first five hun- 
dred amputations at Walter Reed Hospital, the author advocated an 
uUraconservative policy in the surgical treatment of unhealed stumps. 
It seemed at that time that, by the use of skin traction and other non- 
operaUve measures, healing could be obtained in a reasonable time, 
and that secondary operative surgery of the stump could be dispensed 
with in the majority of cases. Subsequent experience showed that it 
was possible to obtain complete healing in guillotined and other m- 
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fected stumps, but that a very long time was required, and that the 
resulting scar was not sufficiently tolerant to the usual traumas of an 
appliance to be practical. It was also found that many either actually 
required an alteration in site or that a limited amount of bone could 
be removed without damaging the stump from a functional vie\^-point, 
so that, finally, plastic methods designed to obtain a firm closure with 
freely movable skin w’ere employed usually before cicatrization was 
complete. 



Fig 7 — Stump traction in recumbency. Tbc adhcsu'e straps which extend from the 
stump to the ring should be so placed that tbc flaps will tend to coapt when traction is 
®ade upon the skin The pulley should be arranged so that it can be lowered and raised 
« wU, in order gradually to combat flexion deformity The foot of the bed should be 
raised sa inches The amount of wieight tan best be determined by obscrxmg the pull 
^the stump after weight u appbed Stump traction should not be so strong that 
redun^ncy u created at the end In case stump traction is desired with the patient 
nbuiatory, a short Thomas splint may be substituted for the apparatus shown in this 


Preoperative Routine. — SuRcrcAi. Rest. — The importance of sur- 
real rest in the treatment of large infected stump wounds cannot be 
|oo strongly emphasized. Nothing is gained in hastening prosthetic 
treatment to the point of applying temporary prostheses before the 
stump can be considered surgically sound. In the majority of cases it 
>s best to treat all cases requiring secondary surgical procedures in 
until wounds are in the desired condition for operation, 
t has been noted repeatedly that wounds which remained practically 
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stationary under ambulatory treatment would promptly heal in re- 
cumbency. 

Skin Traction. — Skin traction is used routinely both in recumbent 
(Fig. 7) and ambulatory treatment (Fig. 9). In the former case, 
direct extension is accomplished by means of adhesive strapping, or 
with a pulley and weights, and in the latter, by means of counter- 
extension with a modified Thomas splint. 

Traction is, of course, most effective if applied immediately after 
amputation. Its effect then is actually to reduce the extent of the 
uncovered area. If it has not been applied early, and if the skin has 



Fio 8— Stump CTteDsion with a modified Tbomas kn« splint, A Thomas 
splint b cut dow^ and a g-m square riveted to the side bars x» in beyond the end « 
of aluminum fa attached by gaure and glue to the sw 
of the stump so as to be 6 in, distal to the cut surface Extension is made from the n 5 
to the ^uare by cither tapes or rubber bands The square acts as a pedestal and also 
senes for the attachment of the eslensions (Adapted from Sinclair.) 


been allowed to retract and to become adherent to the edges of the 
unhealed n^ea, traction does not tend to reduce the unhealed area 
materially, but it relieves tension at the edges of the ulcer, thus favor- 
ing healing. It is particularly helpful in subsequent plastic operations 
because it renders the skin more redundant. In some cases in which 
there is wide retraction of the skin in short stumps, it seems best 
to dissect the skin free and then apply traction for a time before 
attempting a final plastic closure. The influence of stump traction m 
the prevention of joint contractures is obvious. 
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Wound Antisepsis. — The Carrel-Dakin routine treatment should 
be used in all infected stumps as long as the unhealed area is large, 
concave, and discharging pus freely. 

Massage. — Massage of the terminal part of the stump is beneficial 
in several ways. In healed stumps with small scar areas adherent to the 
bone, much can be accomplished toward loosening the scar and improv- 
ing its circulation and thus increasing its tolerance to trauma. In un- 
healed stumps, massage of the skin adjacent to the scar area assists in 
removing edema and generally improving the circulation as well as in 
rendering the skin free and more redundant preparatory to the final 
plastic surgery. 



Fio 9 — Ambulatory traction tor below-knee stump 


Attention to Adjacent Joints.— At each dressing the stump should 
e moved fully in the opposite direction to that in which a contracture 
IS most likely to develop. Insofar as it is possible, the recumbent posi- 
lon of the patient and the adjustment of traction should be such that 
of^ contractures will tend to be prevented. (Special treatment 
mentioned in the discussion of Amputations and 
eir Prosthetic Requirements.) 
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Seconda^ Stump Surgery. — Attempts to perform final plastic 
closures of infected or guillotined stumps soon after the injury result 
In a high percentage of failures. The most important factors in the 
failures are: (i) the poor general condition of the patient following 
the more or less severe trauma and the subsequent emergency opera- 
tive and postoperative treatment; and ( 2 ) latent infection, which 
is present not only in the terminal granulating area, and, in many 
cases, in the terminal portion of the bone, but also in the lymphatic 
channels and lymph nodes, for a considerable distance proximal to 
the unhealed area. 

It is not justifiable to attempt plastic closures or reamputations 
adjacent to the unhealed area until at least five or six months have 
elapsed from the time of the original injury. An attempt was made, in 
army hospitals during the war, to establish definite preoperative indi- 
cations by bacterial counts from the wound surface, but it was ap- 
parent that this method of control was not reliable, as it gave no 
Indication of the extent of latent infection in the lymphatic channels 
further up the limb. It was found better to depend upon observations 
referable to the clinical appearance of the stump and the general con- 
dition of the patient. 

. As long as a stump remains swollen, boggy, and edematous, it will be 
found that there is latent infection present which 'vill defeat attempts 
at plastic closure (Figs, i and 2 ). The disappearance of the edema 
is usually coincident with the improvement in the general condition 
of the patient and the local appearance of the unhealed area. Final 
closure should not be attempted until the skin and subcutaneous tissue 
are soft, dry, wrinkled, freely movable, and absolutely free from Strep- 
tococcus and the field count is reasonably low for other less virulent 
pyogenic organisms. 

Operative Treatment of Unhealed Cases 

Group I. — In this group are stumps in which a limited amount of 
bone may be removed without diminishing the ultimate functional 
value of the stump. 

The question of bone length requires careful consideration in every 
^se, and there are times when it is justifiable to preserve it by sacri- 
ficing ideal conditions in the soft parts. But, on the other hand, 
in perhaps the majority of the sagittal amputations, little is Jo^ 
m ultimate function by removing a limited amount of bone and much 
may be gained by the additional freedom allowed to eradicate more 
thoroughly the potential latent pathology in the terminal portion or 
the infected stump. Before attempting final plastic closure in cases in 
this group, all indications previously pointed out regarding the prefer 
time to operate should be present, except that the actual size of the 
unhealed area can be disregarded. 
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Method of Operating in Group I- — The unhealed area and the 
scar are completely covered with a gauze sponge which has been 
saturated with tincture of iodine. Incision is now made in healthy skin 
one-half centimeter from the edge of the scar. The incision should 
follow the general contour of the scar area and no attempt should be 
made to form specially designed flaps. The distal skin edge is clipped 
to the iodized gauze as the incision is being made, thus completely 
isolating the terminal infected area. The skin and scar are then dis- 
sected distally and separated from the muscle at the place where the 
muscles are attached to the bone. Usually this will be above the area 
of new bone production and well away from the unhealed area, usually 
one or one and one-half inches. Incise the periosteum just within the 
area of fibrous tissue which extends a short distance distal to the 
actual muscle fibers. Saw the bone at this point. If the preoperative 
treatment has been properly carried out and the scar area is not exces- 
sive, it will now be possible, by careful disposition of the skin, to cover 
the end completely. If it is found that the available skin is not suffi- 
cient, additional bone or muscle may be removed. It is better to avoid 
cutting through the muscles and deep vessels. The nerves are found 
usually by palpation and should be pulled down and severed through 
a small longitudinal incision in the muscles. The wound should be 
drained for 48 hours through a posterior stab wound. This type of 
drainage is preferable because: First, it gives the best drainage, being 
dependent; and second, in the event primary union is not obtained, 
sufficient drainage is afforded through the posterior opening to prevent 
the incision line from separating. Primary union in the incision line is 
often obtained and maintained in the presence of profuse purulent dis- 
charge, which is satisfactorily taken care of through the posterior 
drainage incision. 

Group II. — In this group are slumps which are already too short 
and which wll not permit additional sacrifice of bone. 

is imperative that at least six to eight months have elapsed since 
the initial injury and that in addition to the preoperative requirements 
already enumerated, the wound be completely cicatrized or that the 
unhealed area be very small and practically sterile. 


Method of Operating in Group II. — ^The scar should be com- 
pletely removed. The bone should not be disturbed unless there are 
exostoses which are likely to give trouble. Palpable nerves should be 
treated as described in Group I. The aim of the operation is, of course, 
to cover the stump completely with healthy, freely movable skin. This 
never possible without special plastic procedures. The 
Ir ^*°"^*t^e-knee stump is the most common example of this 
amount of skin may be made more accessible in 
nnrtS« removing the fibula, (2) by removing the major 

portion of the muscles of the calf of the leg. A triangular section with 
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Seconda^ Stump Surgery. — Attempts to perform final plastic 
closur^ of infected or guillotined stumps soon after the injury result 
in a high percentage of failures. The most important factors in the 
failures are: (t) the poor general condition of the patient following 
the more or less severe trauma and the subsequent emergency opera- 
tive and postoperative treatment; and ( 2 ) latent infection, which 
is present not only in the terminal granulating area, and, in many 
cases, in the terminal portion of the bone, but also in the lymphatic 
channels and lymph nodes, for a considerable distance proximal to 
the unhealed area. 

It is not justifiable to attempt plastic closures or reamputations 
adjacent to the unhealed area until at least five or six months have 
elapsed from the time of the original injury. An attempt was made, in 
army hospitals during the war, to establish definite preoperative indi- 
cations by bacterial counts from the wound surface, but it was ap- 
parent that this method of control was not reliable, as it gave no 
indication of the extent of latent infection in the lymphatic channels 
further up the limb. It was found better to depend upon observations 
referable to the clinical appearance of the stump and the general con- 
dition of the patient. 

. As long as a stump remains swollen, boggy, and edematous, it will be 
found that there is latent infection present which will defeat attempts 
at plastic closure (Figs, i and 2 ). The disappearance of the edema 
is usually coincident with the improvement in the general condition 
of the patient and the local appearance of the unhealed area. Final 
closure should not be attempted until the skin and subcutaneous tissue 
are soft, dry, wrinkled, freely movable, and absolutely free from strep- 
tococcus and the field count is reasonably low for other less virulent 
pyogenic organisms. 

Operative Treatment of Unhealed Cases 

Group I. — In this group are stumps in which a limited amount of 
bone may be removed without diminishing the ultimate functional 
value of the stump. 

The question of bone length requires careful consideration in every 
case, and there are times when it is justifiable to preserve it by sacri- 
ficing ideal conditions in the soft parts. But, on the other hand, 
in perhaps the majority of the sagittal amputations, little is lost 
in ultimate function by removing a limited amount of bone and much 
may be gained by the additional freedom allowed to eradicate more 
thoroughly the potential latent pathology in the terminal portion of 
the infected stump. Before attempting final plastic closure in cases in 
this group, all indications previously pointed out regarding the proper 
time to operate should be present, except that the actual size of the 
unhealed area can be disregarded. 
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Method of Operating in Group I. — The unhealed area and the 
scar are completely covered with a gauze sponge which has been 
saturated with tincture of iodine. Incision is now made in healthy skin 
one-half centimeter from the edge of the scar. The incision should 
follow the general contour of the scar area and no attempt should be 
made to form specially designed flaps. The distal skin edge is clipped 
to the iodized gauze as the incision is being made, thus completely 
isolating the terminal infected area. The skin and scar are then dis- 
sected distally and separated from the muscle at the place where the 
muscles are attached to the bone. Usually this will be above the area 
of new bone production and well away from the unhealed area, usually 
one or one and one-half inches. Incise the periosteum just within the 
area of fibrous tissue which extends a short distance distal to the 
actual muscle fibers. Saw the bone at this point. If the preoperative 
treatment has been properly carried out and the scar area is not exces- 
sive, it will now be possible, by careful disposition of the skin, to cover 
the end completely. If it is found that the available skin is not suffi- 
cient, additional bone or muscle may be removed. It is better to avoid 
cutting through the muscles and deep vessels. The nerves are found 
usually by palpation and should be pulled down and severed through 
a small longitudinal incision in the muscles. The wound should be 
drained for 48 hours through a posterior stab wound. This type of 
drainage is preferable because: First, it gives the best drainage, being 
dependent; and second, in the event primary union is not obtained, 
sufficient drainage is afforded through the posterior opening to prevent 
the incision line from separating. Primary union in (he incision line is 
often obtained and maintained in the presence of profuse purulent dis- 
charge, which is satisfactorily taken care of through the posterior 
drainage incision. 


Group II. — In this group are stumps which are already too short 
and which will not permit additional sacrifice of bone. 

It is imperative that at least six to eight months have elapsed since 
the initial injury and that in addition to the preoperative requirements 
already enumerated, the wound be completely cicatrized or that the 
unhealed area be very small and practically sterile. 


Method of Operating in Group II. — The scar should be com- 
pletely removed. The bone should not be disturbed unless there are 
exostoses which are likely to give trouble. Palpable nerves should be 
treated as described in Group I, The aim of the operation is, of course 
to cover the stump completely with healthy, freely movable skin. This 
•s practically never possible without special plastic procedures. The 
short, below-the-knee stump is the most common e.xample of this 
group. The limited amount of skin may be made more accessible in 
several wps: (i) by removing the fibula, (2) by removing the major 
portion oi the muscles of the calf of the leg. A triangular section with 
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Fio. 10 — Graphic representation of the relative functional value at different levels of bone section. The curve falls rapidly ii 
amputation of the foot. The bottom is at Chopart «te It rises sharply to the Syme level and falls away in the lower third, 
cradually descends as bone lenRtb diminishes from the lower third up to within three inches of the knee joint. It n«es to the ] 
highest etficiency at the transcond>lar site, then falls away gradually in the thigh up to within three inches of the joint where the 
of the curve is reached and maintained, including all amputations up to disarticulation. 
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the base external gives the best skin mobilization. The muscular tissue 
directly attached to the bone should not be disturbed and care should 
be taken to leave sufficient blood supply; (3) by using the following 
methods of skin plastic procedures which have been found successful: 

1. Double lateral pedicle 

2. Double oval swing 

3. Single oval swing 

4. Distal pedicle transplant 

Group III.— This group includes those cases in which sagittal 
amputations had been done at a site considerably distal to the ultimate 
secondary site to be selected. Amputation through the ankle joint is 
an example. In this case, the Syme amputation could not be considered, 
as sufficient soft parts are not available, so that the next choice of site 
would be through the junction of the middle and lower third of the leg. 
Other examples would be sagittal amputations one-half inch below the 
knee joint, requiring a formal transcondylar amputation. 

In this group it is possible largely to disregard pathology referable 
to the terminal part of the stump and to proceed with the final amputa- 
tion much earlier than in the other groups. In all cases, however, it is 
advisable to adhere strictly to the rules regarding delay until the gen- 
eral condition is sufficiently improved to >vithstand a major surgical 
procedure and to those regarding edema of the soft parts and associ- 
ated lymphangitis and lymphadenitis. The treatment in this group is 
formal reamputation. 

Operative TREATiiENT in Group III. — A reamputation is equiva- 
lent practically to a primary amputation under ideal conditions, and 
necessarily involves careful consideration regarding the site and its 
influence upon the ultimate functional result. The value of a stump in 
terms of function can be correctly estimated only when the stump and 
its prosthesis are considered as a complete functioning unit. It follows, 
then, that in order to choose the proper site one must consider care- 
fully the comparative value of prosthetized stumps. 

Amputations and Their Prosthetic Requirements 

Lower Extremities, — Partial Amputations of Foot. — Amputa- 
tion of toes, metatarsophalangeal amputations, and transmetatarsal 
amputations result in good function. All the length possible should be 
saved. It is a mistake to do a textbook amputation if more bone can 
be saved than is specified in the classical type of amputation. All bone 
length possible should be saved in the metatarsus. It is justifiable to 
attempt to_ preserve bone length in the metatarsus at the expense of 
perfect skin covering and immediate sound healing. All such cases 
require a distal pedicle transplant later, but the delay and the extra 
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surgery necessary are well compensated for in function. A scar on the 
foot healed by granulation, directly overlying bone, wll inevitably 
ulcerate and cause intermittent disability. Every effort should be made ' 
to obtain a dorsal linear scar, with the ends of the bones well covered 
with a plantar flap. The use of the distal pedicle transplant will 
obviate the necessity of rcamputaling partial foot stumps with an 
intolerant scar. 

Lhfranc’s Amputation. — Lisfranc^s amputation gives reasonably 
good function only in case dorsal flexion of the foot is preserved by 
anchoring the dorsal flexors of the toes to the ends of the bones. The 
same general surgical considerations apply here as described for meta- 
tarsal amputations. The only appliance necessary for this, as well as 



Fio II— Chopart stump, showing usual deformity. (Huggins.) 


for the former, is a filler for the toe of the boot and a steel inset in 
the sole to prevent turning up of the toe. 

Transtarsal Amputation — Transtarsal amputation, distal to Cho- 
part’s site, seems preferable to a formal Chopart’s amputation, as 
proper balance of the dorsal and plantar flexors of the foot is Itatter 
preserved. However, the same prosthetic objections apply 
amputation as to the Chopart. 

Chopart’s ^wpiz/ai/o^.—Chopart’s or mediotarsal amputation 
usually results in poor function for surgical as well as for prosthetic 
reasons (Fig. ii). 



Prosthetic Requirements — Foot 


{a) The type of injury requiring a Chopart stump seldom leaves 
sufficient plantar flap to permit the scar to be placed well on the 
dorsal surface. 

(i) Equinus deformity of the stump eventually develops m spite 
of efforts to preserve foot balance by tenoplastic procedures. As 
equinus develops, the scar, which is usually terminal and poorly vascu- 
larized, is pressed upon, and end bearing, the greatest asset of this 
stump, must be forteited. 

The stump is too short properly to anchor the necessary fill in the 
forefoot, so that constant friction between the toe fill and the end of 
the stump takes place, usually resulting in ulceration and consequent 
disability. Lack of stability in the toe of the appliance prevents the 
necessary forward thrust in walking, so that slight limp is invariably 
present. In many Chopart stumps it is necessary to anchor the fore- 
foot by extending a steel rod to the ankle joint and connecting this by 
a joint to a steel upright which Is laced to the leg. This appliance 
requires a special shoe with a very unsightly ankle. 

The percentage of surgical successes in Chopart stumps is so low 
and the prosthetic difficulties so great that it is not a justifiable ampu- 
tation unless it is intended that a simple elephant boot be worn con- 
tinually instead of the articulated appliance. This point is mentioned 
because there are undoubtedly cases in which occupational considera- 
tions should predominate over the esthetic. 

The importance of preserving muscle balance in partial foot ampu- 
tations requires special attention. A plaster cast should be applied with 
the foot at right angles in slight inversion. The cast should be bisected 
so that it can be removed and replaced easily. Passive and active 
movement should be started as soon as healing is complete. The dorsal 
part of the cast may be used as a night splint for several weeks, during 
time massage of the leg muscles is being carried out. 

Pirogovs Osteoplastic Amputation . — ^The added risk of an osteo- 
plastic procedure is not compensated for in any way, as the per cent 
of total end bearing in the Syme amputation is quite as high as in the 
nrogoff. The added length in the Pirogoff requires that the other shoe 
oe raised at least an inch to make up for the space required for the 
ankle movement in the appliance. This amputation is not recom- 
mended. 

Syme Amputation . — The chief advantages noted in the perfect Syme 
amputation are that it is total end bearing, and that the length of the 
imb IS approximately preserved, so that the patient can walk in the 
ude Without his appliance, and that either the straight boot or the 
^Ppnance with an articulated foot can be worn with reasonably good 


perfect Syme stumps is not high. 
siLbV attributed to one or more of the following causes- 

laiprli 5? . plantar flap due to cutting the pedicle too narrow- 
eraj displacement of the flap; sawing of the bones at a right angle 



IG [vottn Physical Therapy in Amputations 

to the terminal axis of the tibia, rather than at a right angle to the 
long axis of the leg; making the bone section too near the joint to 
allow space for the mechanism of the artificial ankle. 

Functionally, a perfect total end-bearing Syme is a satisfactory 
stump. The choice between this amputation and one at the ideal site 
in the leg involves an analysis of the occupation and habits of the 
patient. A laborer is better satisfied with the Syme amputation because 
he can wear a straight, nonarticulated boot during the working hours, 
and he is less likely to be dissatisfied with the bulky, unsightly ankle 
mechanism when dressed up than a professional man, for example, 
would be. In women, leg amputation is preferable to the Syme for 
esthetic reasons. 


Amputations of X.’ZG.-^Lovtcr Third . — Nothing is gained by the 
additional bone length in the lower third of the leg, as excessively long 
leg stumps interfere with proper shaping of the ankle portion of the 
artificial leg, and may actually interfere ivifh the ankle mechanism. 
Poor va.scularity is the rule in the loiver third of the leg. This results 
in poor or delayed healing or in ulceration later in life. 

Junction of Middle and Lower Third . — Amputation at the junction 
of the middle and lower third of the leg has proved to be the prefer- 
able site in the leg. The essential points in technic are (i) long anterior 
and short posterior /laps, the scar line being posteroterimnal; (2/ 
suture of a thin flap of muscle and fascia over the bone ends to prevent 
adherence of the skin to bone; (3) fibula divided one-half inch higher 
than the tibia; (4) beveling of the tibial crest; (s) drainage when 
necessary through a small stab wound in the middle of the posterior 
flap. 

The appliance for this amputation is simple, durable and shape y- 
If the fitting is proper, disability is scarcely discernible,^ Stump to er 
ance to the appliance is quickly acquired and the functional resul 
very gratifying to all concerned. , , j 

In amputations of the leg above this ideal level, every effort sbouja 
be made to preserve all bone length possible. When the amount 01 
bone length that can be preserved with good soft part coverings 1 
three inches or less, it is justifiable to sacrifice ideal condiUons as 
regards the soft parts, if bone length can thereby be increased, 
was generally considered, early in the last war, that it was not jusUH' 
able to attempt to amputate below the knee if the amount of bone 
length possible to be saved was iess than three inches, Subseque 
surgical and prosthetic developments warrant a revision of this opin- 
ion. In these cases the leverage may be increased to the point of uti i y 
by removing the fibula; cutting away practically ail of the musculaj 
tissue on the back of the stump; and severing the inner bnmstpng- 
Special study and experimentation in the prosthetic treatment of snoi 
stumps carried out at various clinics gives promise of increasing 
functionat uldity of stumps of not less than trvo inches in length, so 
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that it seems best to defer reamputation at a higher level until surgical 
attempts to increase bone length or to increase leverage by other 
methods have failed. 

The prevention of knee flexion contractures requires special atten- 
tion in short, below-knee stumps. In addition to the usual measures, 
the following procedures are necessary in very short stumps: {a) 
Muscle or fascial suture over the bone end should be done with the 



Fig 11. — A simple support ot leg-rest used to support the leg in below-knee amputa- 
'Fhe support on which the leg rests is made of hea>’j' metal co\ered with leather 
** attached by a joint to a Wooden upright The wooden upright is supported in a 
noWow, buift-up, wooden block ubirh b secured to a wooden base The support rests 
fable on which the patient lies and is covered with sterile draperies before the 
icK is placed on it. It is placed under the leg, just below the knee joint, holding 
tne leg extended, away from the fable, and is accessible on all sides U may be placed 
“igher up behind the knee in short below-knee stumps. 

knee in iull extension (most amputations below the knee are done %vith 
the knee flexed on a sand bag or stump rest (Fig. 12)). (&) The biceps 
should be cut or, better, stripped up subperiosteally. (c) A cast or pos- 
terior splint or traction should be applied until healing is complete and 
niuscle balance is reestablished. 

^^PUTATiONs OF Thigh. — If it IS not possible to amputate through 
the leg two inches from the knee jmnl (bone length) , the next best 
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site is the high transcondyler. This 
all osteoplastic amputations at or immediately ‘/'f 

and loiv transcondylar amputations. All of these are too 8 
?he us™ "andard art^cial knee action and require a cumber^me 
and faulty mechanism outside the clublike stump. y ^ 

?adon (sfokes-Gritti) offers nothing ^erCn of su \3 

transcondylar to compensate for a j”S“ P®F !„ the high 

failures and the prosthetic difficulties 

transcondylar amputation, ,-5 important to keep 

the condyles begin to merge with shaft- « Ju„aty cavity 

within the spongy bone below ‘h®. j 5^5 tendon^s used, 
proper. A long anterior flap of skin and quadricep „|j,i)earing 
^e scar is placed well to P»a‘er>or in 

surface. Surgical failures are thp standard artificial 

practically all cases. Ample space ts left to place the standara 

knee action in the proper place. pverv effort 

Above the site for the high f^nscojidylar amputaM 
should be made to save all bone t ^cth of from two 

below the lesser trochanter. AH stumps ^ is 

to four inches below the lesser trochanter . -i.yays be made 

an objectionable feature so that a sp^ial effort shouW ahvay^oe 

to preserve more than four [nches, if PJ^^^^^^^ochanter does not 
length of less than two inches below the ^®sser trocha of 

have sufficient leverage to operate the thigh apphanc 
the disposition of the soft parts adjacent to the joint. .Ljiarice. 

then is to give a stump suitable for the so-called hip*J disarticu- 

From a prosthetic and functional vieirpoint the clas 
lation at the hip is not preferable to amputation througn . 5s 
latter is much more quickly and easily performed. In - . 
lower and the resulting stump is better adapted for tne complete 
appliance. Unless there are definite pathologic r^sons 
disarticulation, as in new growths, amputation througn 
preferable. .« develop 

Contractures . — In the short thigh stump contractures 
unless preventive measures are instituted immediately al . -p. 

tion. The usual deformity is flexion and abduction. This oe 
terfercs markedly ivith good functional use of an appliance,^ 
is necessary to throw the lumbar spine into marked lordosis 
to put the artificial foot squarely on the ground. ^ fnrmity: 

The following measures are effective in preventing this d® ..^g 
(a) Surgery: The anterior and posterior groups of muscles s 
sutured together and the fascia lata should be sutured to the a 
group. This aids in preserving balance between the abducto^ ^^uteus 
doctors and gives a more effective terminal attachment for “^e g 
maximus, part of which is inserted into the fascia lata, thereby mcr 
ing its mechanical advantage and enabling it to establish at least par 
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balance with the strong iliopsoas which has been undisturbed at Us 
relatively high insertion into the lesser trochanter. 

{b) Physical therapy: As soon after the operation as the general 
condition of the patient will permit, he should be turned face down ioi 
at least one hour each day with a sand bag or hard pillow under the 
end of the stump, which is forced into hyperextension. If this is not 
possible, stump traction should be applied in such a manner that ex- 
tension of the hip joint will be maintained. After the stump is healed, 
passive and active movements in the direction of extension and adduc- 
tion should be done at the massage period, and at other definite 
periods (Figs. 13-16) daily until the stump is being used functionally. 
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The correction of long-standing flexion-abduction contractures is 
best accomplished by surgery, rather than by physical therapy alone. 
Division of the fascia lata, followed by vigorous stretching, manually 
and by mechanotherapy apparatus, will correct moderate degrees of 
flexion. In the more persistent ones, Scutter operation for hip fle.xion 
should be done. It will seldom be necessary to free the attachment of 
the iliopsoas, as the deformity is usually not a true flexion contracture. 




•tan m the lower extremity In fact, it is debatable Xth“7n ?fe 
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t-y — ••<14^UiaitUllS 

.Xt^nt =PP'-ces are ol 

The patient who has lost "fal is c ofr 

he wants to mask his disabilitv because 

functionally useful To his ^“Pes it will be 

it is, indeed, rr^orsutetiE /f:^?r"'”“‘’ 

per cent of the individuals u.if either purpose. Approximately to 
do not find exTstinn nros?^„sI?“ n “fi'e n™ 

inconvenience of iv^rino them*"^'™”* ^ ““P™“te for the 

occasionally for estTetiAutpTseI'n^Tt!^'°^ ''’™ 

sues are based unnn POses. The lo/fowing conclusions regarding 
volveTcSerfr-l “■ Ptostheses, and do not in- 

carried oot in certain Amer,v?'”* pcosthetic experimental work 
as opportunity for and various foreign clinics since 1921, 

pportunity for e-xhaustive study and evaluaf/on of the results has 



not been possible fin 

tion centers in EnelanH author visited all important amputa- 

auspices of the ^er£,n p Austria, and Italy under the 

an evaluation of the var' ^ross in order to observe and attempt 
and after the war methods of treatment developed during 

hies of the American R..rf study are available in the 

can Ked Cross m Washington.) 

Amputation in Han» t 

the trauma, nothing mor/^ ei, ”£*1”^^ surgery immediately follorving 
the devitalized tissues “/ Ir. debridement, trimming 

lion of site being totallv ^ S thorough drainage, the ques- 

of the finger^ by proper prevention of contractures 

beginning. spunting demands special attention from the 
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In the secondary surgery of the hand, radical alteration in the site 
of amputation is seldom advisable. The usual conditions demanding 
treatment are sluggish, unhealed areas, associated vrith localized osteo- 
myelitis, or tender and adherent scars with tendency to deformity, 
especially when on the flexor surface of the joints. The latter condition 
usually demands special plastic procedures, in order that the scar may 
be displaced by freely movable tolerant skin. The distal pedicle trans- 
plant gives the best results where it is important that no bone be sacri- 
ficed. Usually a portion of a phalanx of any of the fingers, except the 



^■10 ji Prehension made possiWe by ptostic ttposhion ol metacarpus of thumb. 
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index and the thumb, can be sacrificed without serious functional 
damage in order to obtain good soft-part covering (Fig. 20). 

The loss of the thumb or any part of it constitutes a serious dis- 
ability. A badly-damaged thumb, with loss of muscular power or 
ankylosis, or both, is preferable to any mechanical substitute. Heroic 
efforts at reconstruction of the thumb are justifiable (Fig. 21). 

Prostheses for amputation of individual digits are seldom useful, 
except for the thumb. They are most useful if the thumb is amputated 
or if all except the thumb are gone, as apposition is made possible by 
the prosthesis in either case. If a sufficient part of any of the fingers 
remains to make active apposition possible, a prosthesis is seldom 
worn, except for esthetic reasons. 

Transcarpd Amputation . — ^Transcarpal amputation is preferable to 
amputation at the wrist even though there is an adherent terminal scar. 
The latter can be repaired by distal, pedicle skin transplant 

Wrist-joint amputation is distinctly preferable to amputation bigb^r 
up, as pronation and supination are better preserved, and “^1?® 
of a hand or work appliance is facilitated by the more or less club 1 
end of the stump, which permits the elimination of much attacnrae 
harness. 

Amputation in Forearm. — Amputation in the forearm 
done as low down as possible. In the lower third, circulation ° . 
poor, but usually not troublesome enough to warrant 
higher up solely on this account. Primary amputation should sei 
be done higher up for this reason, and reamputation should , 
considered unless all efforts to improve the circulation have ‘ 
The importance of preserving pronation and supination warrants sp 
cial attention to surgical details, i.e., careful treatment of the pe 
osteum to avoid shredding and consequent overproduction 01 0 » 

and the interposition of muscle to prevent bony bridging. . 

No matter how short a forearm stump may be, it should . 
sacrificed, as in the majority of cases a forearm stump is more us 
without a prosthesis than an upper-arm stump either with 0*^ ° j 

an appliance (Figs. 22-25), Forearm stumps should never be shortened 
to correct inequality in the length of the bones. Tender scars or oDjec- 
tionable scars should not be corrected for any reason by the sacrmce 
of bone, but by plastic methods involving the soft parts 
presence of redundant soft parts is an indication for plastic methoos 
to increase length rather than to remove redundancy. 

Amputation in Upper Arm.— Transarticular and transcondylar 
amputations are generally considered objectionable from the stsd 
point of existing prostheses, because the fitting is difficult and there is 
inconvenience to the patient in applying and removing the apparatus. 
Moreover, the artificial joint must be placed lower than on the normal 
arm. Experien.,e shows, however, that in single amputations, less than 
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20 per cent of upper arm amputes wear appliances. Of these, it is rea- 
sonably safe to assume that the majority are those wearing a practical 
(work) appliance rather than an esthetic one. The newer practical 
appliances are more securely fitted with less harness if the bony prom- 
inence of the condyles is present, so that before deciding upon the 
sacrifice of the condyles, a careful analysis of the requirements of each 
individual case is necessary. Above this level, all bone length possible 
should be saved. 



Figs. 22-25 — Plastic pseudartbrosis club motor Valuable m work appliances. 


CiNEJIATIZATION OF AMPUTATION StUMPS 

In July, 1918, the report of a special committee, directed to investi- 
gate the question of cinematization, was available to those engaged in 
amputation work. The conclusions of this committee were, briefly, that 
cinematization could not be recommended except as an experimental 
procedure, because it was still in the trial stage, and that it should not 
oe attempted unless adequate facilities were available for pursuing the 
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experimental prosthetic work necessarily associated with it. Three 
cases were cared for in the base hospitals in the United States and two 
patients with cinematized stumps were returned from overseas. In 
none of these cases was the final functional result a distinct improve- 
ment over that obtained with the usual methods. Two ivere failures 
and required excision of the tunnels. Lack of success was due to the 
failure of coordination of the surgical, physical therapy, and prosthetic 
treatment; to the frequent transfer of patients; and perhaps, in a 
measure, to the breaks in follow-up coincident with frequent changes 
in personnel after the Armistice. 

The admitted functional deficiency of all prostheses for the upper 
extremity stimulated surgeons, before and during the war, to try to 
utilize muscle power in the stump by connecting it more effectively to 
the prosthesis, so that the muscle power could be used to operate the 
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terminal part of the appliance (Figs. 26-28). Cinematization, as pro- 
posed by Vanghetti, was tried and enlarged upon during the war. It 
has a limited field of application. 

(1) Cinematization should be considered only in double amputa- 
tion. 

(2) The vocational reeducation plan should be thoroughly worked 
out, in each case, in advance of any cinematization efforts to improve 
stump function. After the trade, its tools, and the operation of the 
tools by the available stump have been studied, cinematization should 
be considered, but only individually and selectively in each case. It is 
essential that the surgeon make an individual and personal study of 
the functional possibilities of the stump under consideration. Physical 



Fic. 2g — Cinematitation-muscle power in tbc tunneled muscle motors must be devel- 
oped before an appliance is worn Furthermore, skin tolerance in the tunnel must also 
M de\eloped This may be done by passim; a metal rod through the tunnel, the rod 
wing attached to a chain or strings which are connected to a weight and pulley, or 
lorce may be exerted manually as shown in this illustration The chief value of this type 
of cinematization is that it facilitates the attachment of a work appLance instead of 
serving as an active motor to activate the end tools or the hand 

therapy really begins in earnest after the tunnels or club motors are 
healed surgically. The aim of physical therapy, of course, is to develop 
tolerance in the tunnels or clubs; to build up the cinematized muscle 
^oups by means of massage, and active muscle movements by means of 
direct attachment of the muscle motor to weights and pulleys (Fig. 29). 


Special Postoperative Treatment 

Traction.— In all stumps in which there is even moderate tension 
traction straps should be applied in the operating room. In undiained 
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cases it is best not to apply weights until the following day, unless 
tension is marked. If applied at once, traction seems to create dead 
space and favors the accumulation of clot. In addition to the advan- 
tages of traction previously mentioned, there seems to be no doubt 
that it adds to the comfort of the patient by preventing muscular 
spasm and that it is instrumental in preventing postoperative hemor- 
rhage in the same way. 

Blood drainage should be removed in 48 hours. In case secondary 
hemorrhage occurs with ballooning of the flaps, it is best to remove 
the sutures, clean out the clot, and reapply traction. Secondary infec- 
tion is frequent in cases in which special attention has not been given 
to the elimination of dead spaces and m those in which secondary 
hemorrhage occurs. 

Use of Provisional Appliances 

Amputations of Lower Extremity. — In all stumps of the lower 
extremity, with the e.xception of partial amputation of the ® 
the Syme amputation, a portion of the stump is called ui^n to u ■ 
tion in a manner entirely new and for which it is t,„ 

is, weight-bearing. Radical physiologic changes necessarily P , 
in the weight-bearing portion of the stump, i.e., pressure stiopny 
the soft parts; increased tolerance of the skin to lateral pressure 
the encasing socket of the appliance; development of 
sense of position; and tolerance (0 pressure on, and adjacent to, y 
prominences. The other important task of the slump leg P^°P{c .,1 
of the limb and its appliance. In spite of the fact that the aril 
limb is not so heavy as the amputated part, more power is , 
to swing it on account of its comparative inertness. Increased dim y 
in balancing undoubtedly adds to the demands made upon the m 
lar power of the proximal part of the stump leg. Of vital ^^P° , ” 
the preservation of normal muscular power, or better, the develop 
of increased muscular power, in the proximal part of the stump leg- 
Inasmuch as certain definite physiologic changes must take P 
both in the stump and in the proximal part of the leg before ^ ® ^ 
can be considered functionally fit for a permanent appliance, 
dearly the duty of the surgeon to use all methods at his disposa 
hasten these changes and to obtain a good functional ^s well as 
good surgical stump before a permanent appliance is used. The * 
velopment of provisional appliances, which can be made cheaply a 
quickly under the supervision of the surgeon, has been mstrumentai 
bringing about coordination of the surgical and prosthetic 
of the stump. This coordination existed in most amputation cen 
during and after the war, but most surgeons have not appreciated i 
importance of supervising the early functional development ol j 
stump, and have reverted to the former practice of dismissing m 
patient to commercial limb makers after surgical healing is complete- 
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Principles of Fitting. — Weight bearing in the case of beIow»knee 
amputation is distributed as follows: cone bearing (lateral surface 
bearing), bony-prominence bearing (head of tibia, tuberosity of tibia, 
fibula below head), partial thigh surface bearing (thigh cuff), and, in 
a certain percentage of cases, end bearing. In a finished appliance, the 
stump is encased in a solid shell, which is molded or carved to fit the 
stump in such a way that all the bearing points and surfaces are used 
to a variable degree. The physiologic changes in the stump n-ill depend 
largely upon the predominating type or types of bearing chosen in a 
particular case. 

Cone and bony-prominence bearing, with slight partial thigh bear- 
ing, are applicable to most leg stumps, except the stump resulting 
from the Syme amputation. Pressure atrophy is rapid and marked, 
consequently repeated remolding of the socket is imperative. End 
bearing diminishes pressure atrophy of the stump. In amputation of 
the thigh, bony-prominence bearing (ischial tuberosity), cone bearing, 
and in certain cases, end bearing, are utilized. Bony-prominence bear- 
ing predominates, so that pressure atrophy of the stump is slower and 
less marked than in leg stumps. 

There seems to be no doubt that end bearing is possible in a fair 
percentage of stumps, and that success in obtaining it is largely de- 
pendent upon faithfulness and persistence in carrying out the neces- 
sary preliminary measures to increase the tolerance of the end of the 
stump. Experience seems to prove that a definite distinction must be 
made between total and partial end bearing, and that in certain in- 
stances total end bearing may not be desirable, i.e., in long, below- 
the-knee stumps. Cone and bony-prominence bearing give nearly 
perfect function. If end bearing is attempted in these stumps, there is 
a certain lack of adhesion between the appliance and the stump and 
the gait is not so good as with cone bearing In thigh stumps of mod- 
erate length, total end bearing is not preferable to ischial and cone 
bearing for the same reasons. There is little doubt that partial end 
bearing is always an advantage. The following stumps, in addition to 
partial foot amputations, are especially well adapted for end bearing; 
U) the Syme stump; (a) short below-knee stumps, and ( 3 ) stumps 
resulting from a transcondylar thigh amputation. The section in each of 
these is through spongy bone, which seems to give a more tolerant end- 
bearing surface. Each is clubbed more or less on the end, thus favoring 
proximal methods of attachment of the appliance and avoiding the mal- 
adjustment of the appliance mentioned above. 

Qualifications of Provisional Appliances. — An ideal provisional 
appliance should possess, in the main, mechanical features similar to 
P^rrnanent appliances. The socket should be of solid material 
should be molded or carved in the same accurate manner as in a 
I^rmanent one, A provisional appliance which merely shrinks the soft 

issues of the stump, and does not develop the tolerance of the bearing 




f ICS 30-35 —Prcvuional o-pe of limb with separate plaster 


or stod; frame with side bars The plaster socket is made as over t 

drann ox-er the stump. Plaster of pans bandages are applied *niW / 
stockinette No cotton is used The moiduiR should be accurate, an . t 

stumps a small piece of felt should be placed over the head of the P p^jn 

tuberosity of the tibia in order to make a slight indentation in the c^t ».K5ch is t""** 
The frame for this type of socket may be a peg of either wood or 


dooble-b 

with an artificial foot as shown in Fig 30 and thigh stumps as si*°"^.!”i 5 n'(j'arraBj 
Fic. 33 — Feg leg with a pbster socket riveted to steel bars, tbe prg 
that it can be flexed when the patient sits 



Fi «5 36, 3J.-Simptet typ. of pts lee Tbo Inmo P»rt -"f “ 

Tht socltl I, made of plasler of pans, and Ike strap >s of s.mide nebbiiiE Ike strap 
eoes aeross the opposite shoulder. This t>1» of pec “» J" , ““F '’“fl’' 1" 
tase difficulty is encountered in obtaining the wooden part ol the Irarae, a crutch may 
be used for this purpose It will be noted that the frame u incorporated in the plaster 
socket and is not fixed by nvels 
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or stock frame cvilh side separate plaster socket mounted on a peg 

drawn ostr the stumn ”r Plaster socket is made as follows: A stockinelte “ 

stockinette No cotton is pans bandages arc applied immediately over tw 

stumps a small pjtfe qj /.j, ? moldine should be accurate, and for beIow-kn« 
tuberosity of the t.bja m orriel the bead of the fibula and over IM 

The frame for thb type of * ®l*ght indentation in the cast at these P®‘"^ 

to the molded socket (Pjir ia» P'l' either wood or roetal which is nvet™ 

with an arliricial foot as shown il Piaster socket may be set in a double-bar frame 
Fic. a —Peg leg with a Dla<^» . stumps as shown in Fig. js . 

so that It can be flexed when the riveted to steel bars, the peg being arraog*’! 
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points and surfaces that will be called upon to function in a proper 
permanent appliance, is not efficient. The provisional socket must be 
one which can be remolded frequently and comparatively inexpensively. 
In a certain percentage of cases, it is not only desirable but necessary to 
change the shape, as well as the position, of the socket. A complete 
change of socket rather than a reshaping is sometimes necessary. This 
feature is important in all cases in which there is more or less mal- 
position of the stump, the malposition improving with the use of the 
appliance. 

Types of Appliances — Various types of temporary appliances may 
be used. In most of them the socket is made of plaster of paris and the 
framework of wood or metal. The various types are shown in accom- 
panying illustrations (Figs. 30-35). ^ . . 

The recent ampiiti is usually most concerned with removing bis 
physical deficiency as soon as possible from an esthetic rather than 
from a functional standpoint. Pegs (Fi^. 36 and 37) the cruder 
types of temporary appliances are strenuously objected to by many 
patients. If the surgeon explains the physiologic and economic reason 
for the use of temporary appliances, the assent and the cooperation 
of the patient will be obtained in most cases. 

An attempt was made in the United Slates Army to utilize a pr * 
visional leg, which in all respects looks like a finished leg. 
it was adjustable as to length, foot position, and socket. The sock 
adjustment was accomplished by means of molded plaster of par* 
sockets which were made on the patient and then set into the sio 
frame of the provisional appliance. New plaster molds were maua 
the stump shrinkage progressed. r^rtnnlv 

In addition to meeting the esthetic requirements more sal>siacio > 
than the peg appliance, this type offered the advantage of quanu y 
production and quicker fitting. , 

In thigh amputation and in about 85 per cent of the cases . 
there was sufficient bone length to operate the ordinary thigh leg, 
latter type of provisional leg was entirely satisfactory (Figs. 3°*4 ^ 
Most of the remaining 15 per cent fell into the class of excessively lo 8 
stumps. It was not possible to fit these on account of interferen 
the mechanism for the adjustment of length. The greater part oi m 
weight rests on the tuberosity of the ischium, and accurate con 
bearing is relatively unimportant; consequently the cone fitting 
not need to be very exact. In leg amputations, the task of fitting 
type of leg was much more difficult (Fig. 41). Bony prominences ar 
more numerous and less tolerant to weight bearing. Consequently,^ 
bony-prominence fitting must be more accurate and a great amount 01 
weight bearing must be allotted to the cone fitting. For this reason, tne 
latter must be more precise. . . v 

In order to meet the requirements of the more difficult cases which 
could not be fitted \vith the original model of the stock appliance, a 
more versatile type was developed and the stock parts (framework; 
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manufactured in quantity, in a variety of sizes, the only essential 
difference from the original model being that a carefully-molded plas- 
ter socket was made and riveted to the side bars. 

The plan generally adopted in all amputation centers is to fit the 
stump \vith a temporary appliance as soon as healing is complete, but 
not to hasten the prosthetic treatment at the expense of a good surgical 
result (Fig. 42). The appliance is worn at first to the limit of tolerance, 
special care being taken not to damage the soft parts. The part of the 
appliance which encases the terminal part of the stump, commonly 
called the socket, is changed and refitted as pressure atrophy pro- 



Fics 38.40 — Stock provisional appliances used in anny hospitals during the War. 
Ice mam body of the limb is made of fiber with connecting parts of metal A variety 
lengths was supplied in stock Adiustments for length were made both below 
fiM i K ^ Knee, merely by sawing off as much fiber as was necessary The socket was 
mtea by means of an adjustable leather cuff This was later abandoned and molded 
piaster of pans sockets were made over the stumps and then set into the fiber frame 
of the limb 


Fic 3g — Patient weanng below-knee hmb of this type The plaster socket is 
Mtween the artificial limb and the patient’s left leg It appwars dark because 
wen SQeUacked to protect it from persinration 

Fic 40 — Below-knee stump with plaster socket. 


resting 
it has 
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points and surfaces that will be called upon to function in a proper 
permanent appliance, is not efficient. The provisional socket must be 
one which can be remolded frequently and comparatively inexpensively. 
In a certain percentage of cases^ it is not only desirable but necessary to 
change the shape, as well as the position, of the socket. A complete 
change of socket rather than a reshaping is sometimes necessary. This 
feature is important in all cases in which there is more or less mal- 
position of the slump, the malposition improving with the use of the 
appliance. 

Types of Appliances - — ^Various types of temporary appliances may 
be used. In most of them the socket is made of plaster of pans and the 
framework of wood or metal. The various types are shown in accom- 
panying illustrations (Figs. 30-35). 

The recent amput 6 is usually most concerned with removing bis 
physical deficiency as soon as possible from an esthetic rather than 
from a functional standpoint. Pegs (Figs. 36 and 37) and the cruder 
types of temporary appliances are strenuously objected io by many 
patients. If the surgeon explains the physiologic and economic reason 
for the use of temporary appliances, the assent and the cooperation 
of the patient will be obtained in most cases. 

An attempt was made in the United States Army to utilize a pro- 
visional leg, which in all respects looks like a finished leg. Of necessity, 
it was adjustable as to length, foot position, and socket. The socket 
adjustment^ was accomplished by means of molded plaster of pans 
sockets which were made on the patient and then set into the stock 
frame of the provisional appliance. New plaster molds were made as 
the stump shrinkage progressed. 

In addition to meeting the esthetic requirements more satisfactorily 
than the peg appliance, this type offered the advantage of quantity 
production and quicker fitting. 

In thigh amputation and in about 85 per cent of the rases where 
there was sufficient bone length to operate the ordinary thigh leg, this 
latter type of provisional leg >vas entirely satisfactory (Figs. 3S'40)* 
Most of the remaining 15 per cent fell into the class of excessively lORS 
stumps It was not possible to fit these on account of interference 0 
the mechanism for the adjustment of length. The greater part of the 
weight rests on the tuberosity of the ischium, and accurate rane 
bearing is relatively unimportant; consequently the cone fitting does 
not need to be very exact. In leg amputations, the task of fitting tins 
type of leg was much more difficult (Fig. 41). Bony prominences are 
more numerous and less tolerant to weight bearing. Consequently, th® 
bony-prominence fitting must be more accurate and a great amount o 
weight bearing must be allotted to the cone fitting. For this reason, the 
latter must be more precise. 

In order fo meet the requirements ot the more diiBcuIt cases which 
could not be ntted with the original model of the stock appliance, n 
mote versatile type was developed and the stock parts (ftamewotkj 
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manufactured in quantity, in a variety of sizes, the only essential 
difference from the original model being that a carefully-molded plas- 
ter socket was made and riveted to the side bars. 

The plan generally adopted in all amputation centers is to fit the 
stump with a temporary appliance as soon as healing is complete, but 
not to hasten the prosthetic treatment at the expense of a good surgical 
result (Fig. 42). The appliance is worn at first to the limit of tolerance, 
special care being taken not to damage the soft parts. The part of the 
appliance which encases the terminal part of the stump, commonly 
called the socket, is changed and refitted as pressure atrophy pro- 



T* 38-40 — Stock provisional appliances used in army hospitals during the War 

e mam body of the limb is made of fiber with connecting parts of metal A variety 
ariH*^*K was supplied in stock Adjustments for length were made both below 

fill H merely by sawing off as much fiber as was necessary. The socket was 

1 , “y means of an adjustable leather cuff TTiis was later abandoned and molded 

of th 1 b sockets were made over the stumps and then set into the fiber frame 


Fic 39— Patient wearing below-knec limb of this type The plaster socket is restin®- 
bcen\'K*i?!’l artificial limb and the patient’s left leg. It appears dark because it has 
'•cn sneiiacked to protect it from perspiration 

Fic. 40 — Below-knec stump with plaster socket 
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points and surfaces that mil be called upon to function in a proper 
permanent appliance, is not efncicnt. The provisional socket must be 
one which can be remolded frequently and comparatively inexpensively. 
In a certain percentage of cases, it is not only desirable but necessary to 
change the shape, as well as the position, of the socket. A complete 
change of socket rather than a reshaping is sometimes necessary. This 
feature is important in all cases in which there is more or less mal- 
position of the stump, the malposition improving the use of the 
appliance. 

Types of Appliances — Various types of temporary appliances may 
be used. In most of them the socket is made of plaster of paris and the 
framework, of wood or metal. The various types are shown in accom- 
panying illustrations (Figs. 30-35). 

The recent amput 4 is usually most concerned wth removing his 
physical deficiency as soon as possible from an esthetic rather than 
from a functional standpoint. Pe^ (Figs. 36 and 37) and the cruder 
types of temporary appliances are strenuously objected to by many 
patients. If the surgeon explains the physiologic and economic reason 
for the use of temporary appliances, the assent and the cooperation 
of the patient will be obtained in most cases. 

An attempt was made in the United States Army to utilise a pro- 
visional leg, which in all respects looks like a finished leg. 0/ necessity, 
it was adjustable as to length, foot position, and socket. The socket 
adjustment was accomplished by means of molded plaster of pans 
sockets which were made on the patient and then set into the stock 
frame of the provisional appliance. New plaster molds were made as 
the stump shrinkage progressed. , ,, 

In addition to meeting the esthetic requirements more satisfactorily 
than the peg appliance, this type offered the advantage of quantity 
production and quicker fitting. 

In thigh amputation and in about 85 per cent of the cases where 
there was sufficient bone length to operate the ordinary thigh leg, this 
latter type 0/ provisional leg was entirely satisfactory (Figs. 
lilost of the remaining 15 per cent fell into the class of excessively lohS 
stumps. It was not possible to fit these on account of interference 0 
the mechanism for the adjustment of length. The greater part of 
weight rests on the tuberosity of the ischium, and accurate yne 
bearing is relatively unimportant; consequently the cone fitting d^^ 
not need to be very exact. In leg amputations, the task of fitting this 
type of leg was much more difficult (Fig. 41). Bony prominences arc 
more numerous and less tolerant to weight bearing. Consequently, the 
bony-prommence fitting must be more accurate and a great amount 01 
weight bearing must be allotted to the cone fitting. For this reason, the 
latter must be more precise 

In order to meet the requirements of the more difficult cases which 
could not be fitted with the oripnal model of the stock appliance, a 
more versatile type was developed and the stock parts (framework; 
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culature of the proximal part of the leg well developed. The stock 
provisional appliance is sufficiently durable to last from eight months 
to one year. Three to six months* preliminary prosthetic treatment is 
usually sufficient to prepare stumps for the permanent appliance. 

Partial amputations of the foot, Syme stumps, end-bearing thigh 
amputations and disarticulations of the hip do not require provisional 
appliances, as a rule. In these stumps the fitting is difficult, and there is 
so little change in the stump compared with changes in stumps in which 
cone and bony-prominence bearing predominate, that there is no rea- 
son to delay the permanent fitting. 

Amputations of Upper Extremity. — ^The use of provisional appli- 
ances in amputations of the upper extremity does not seem to be so 



_ 42 —First temporary appliances lor short thish stumps in double amputation 

It IS advantajeous m double amputations of the thish to ha%e the temporary appliance 
'■try much shorter than the normal length, as it is very difficult for these patients to 
Kgain the sense of balance and equilibnum As skill in walking with the short pegs 
^ developed, the length may be increased (Courtesy Lettcrman General Hospital. San 
Francisco, Calif ) ’ 


necessary from the standpoint of fitting as in amputations of the lower 
extremity. The physiologic changes in the stump caused by the use 
of the appliance are not marked enough to require frequent refittings 
and an exact fitting is not so necessary as in lower-extremity stumps, 
fhe chief advantages in provisional fitting are that (i) immediate 
fittings are possible, which would not be the case in time of war if 
permanent appliances were supplied by the artificial-limb industry; 
\2) an opportunity is given to coordinate the surgical, prosthetic, and 
Pnysical therapy treatment and to carry out a reeducational program 
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gresses. Three changes are usually required. Deformities and surgical 
defects of the stump, i.e., bony ^urs, latent infection, tender nerves, 
etc., will be readily discovered and should be treated during this^ pre- 
liminary prosthetic treatment. Stumps should not be fitted ■with a 
permanent appliance until they arc surgically sound, pressure atrophy 
of the weight-bearing portion well advanced, and the propulsive mus- 



Fio 41— The United States Amy leropotary below-knee prosthests. j 

1 The temporary below-knee fiber set-up as supplied by the secure 

Limb Co The side steels are removed by cutting the copper jpeired beJSbt 

them to the vulcanired fiber shin piece The ^in piece can be shortenea .® , ' ..j^orly 
by sawinu oft its top, made larger ox smaller by removing the copper ” foot 

which secure the o\erl3p seam ol the prosthesis. There is ankle and toe raoi ■ 

is of wood, uncovered and not painted. . . of the 

2 A plaster socket is molded to fit the stump and secured in the UPF? 

fiber shin piece where it is made fast This type of socket b snort-uvea 
changed as shrinkage occurs ^ cannot 

3 A plaster model oS the stump with areas built up with felt where P^, j jhis 

be borne The Lne around the top indicates the future top of the ^ They are 

corrected model of the stump three layers of thin harness leather are p^fends 

glued together and sewed posteriorly with waa-end The last layer of icat 

only part way down the bucket, acting as a shoulder which supports it in tne 

^ 4 The finished molded leather bucket, ready to be secured to the fiber shb* p>f 
It b of rigid construction Tfce 

5. TTie temporary below-knee prosthesb comptoc, aligned and ttaay 'wn 

bucket IS securely fised to the upper end of the fiber shin piece, the side steels n 
adjusted and nicled m positron The upper end of the shin piece, the leather ouc 
side steeb are covered with calfskin, whidi u fixed in position with glue or 
(Orthopedic Shop Walter Reed Kosf»taL> 
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attachment plate in which a hand, tools, or any type of hook or other 
useful device could be used interchangeably, was adopted. The metal 
parts were manufactured in quantity and issued to amputation centers. 
Sockets were made of leather and the work of fitting was done in 
appliance shops. Workmanship and exactness of fitting were probably 
not equal to those obtainable in the open market, but the arm served 
the purpose as a provisional appliance as well as could have been 
expected from any single type of appliance obtainable (Fig. 43). 



Fio 

be de\ns 
namely, the c 
attachment 


• number of attachnients 
of tools for agricullure, 
hook, and the hammer 


Occupational Therapy and Reeducation. — Lower Extremity, 

In lower extremity cases, the actual use of the appliance in walking is 
the only reasonable means of occupational therapy, so that if regular 
tasks are to be assigned, they should be those which require walking 
under varying conditions, i.e , steps, irregular terrain, etc. In double 
amputations, considerable assistance and instruction are necessary at 
sort^w*' crutches and quadruped progression must be re- 

tried to. Later, a double-rail walking platform with grades and steps 
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which is often more helpful than the appliance per se; (3) surreal 
defects of stumps become apparent while the patient is still under con- 
trol of the surgeon and can be corrected at once; (4) the patient ^ 
an opportunity to learn something about appliances and is thus able 
to make a more intelligent choice of a permanent appliance. 

The first provisional appliances used in the army were of a snnpie 
design and were rather crudely made. The socket was of plaster oj 
paris. In the end of the socket was incorporated a metal clamp to nom 
various implements. Later an inexpensive arm, with a universal ena- 



Ftc 43 —Slock provisional ann of combined lyp® f£>r hand or 
end attachments (A> Unfinished metal fnroe with universal end joint with si P 
nnB inserted Any type of tool may be devised and inserted in this ‘ibe 

When the arm » to be used purely for esthetic purposes, the hand is inserted 
end plate as ibown in (B) and (C). 


Fig 48 — ^Adaptation for 
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Fig 45 — ^Dunng the development of the musculature of the st Pi 
therapy may be considerably facilitated by making adaptations ol which 

appliances to fit the stump rather than by depending entirely on tne app jj,j5 

IS fitted to the stump An example of this type of occupational therapy bilUar'l 

illustration Adaptations of sport implements (le, golf stick, v-aluable 

cue) were successfully made in army shops during the War. These “ . factor in 
during the de%elopment of the musculature of the stump and arc a nr p 
improving the mental state of the patient 
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Fio 45 — Adaptation for saw. 
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Fic 4S-— During the development of the oMooIs° and work 

therapy may be considerably facilitated by making ® _ .k. nnoaratus which 

appliances to fit the stump rather than by depending entirely . shown in this 

IS fitted to the stump An example of this type of occupational Iheia^ billiard 

illustration Adaptations of sport implements (ie, golf pmg p ^ raluable 

cue) were successfully made in army shops during the helotul factor m 

during the development of the musculature of the stump and a 
improving the mental state of the patient 
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may be attempted without crutches. Finally, independent w’alking, 
preferably under the instruction ot a person with an amputation, is 
attained. 


Upper ExTREStixy. — Occupational therapy is made possible, first, 
by the early fitting of temporary appliances (Fig. 44) of such type 
that many varieties of tools may be inserted in a universal end- 
attachment; and, secondly, by the adding of attachments which will 
permit the stump arm to be used as an auxiliary, wthout an appliance 
(Figs. 45*50), thereby bringing it into functional, if not vocational, 
use, for therapeutic purposes. 



SI —The United -States Anny temporary thijh prosthesis, ischial-beannR 

fiber prosthesis eiithout suspenders as supplied by the Minneapolis 
prosthesis is adjustable and readjustable as to length and 
bearin:. » **’*'*^ bucket, and ss to the distribution of weight on nonweuht 

and r temporary prosthesis has the same knee, ankle 

adjust^lf ' permanent t>pe of prosthesis The bucket b of rigid type but 

suwcrfl'w bchial-bearins prostbesb fitted and properly aligned, with 

P« ders attached (Courtesy Orthopedic Shop, Walter Reed Hospital) 




Fic 50 — Adaptation for handled tools 
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Fic 5j — The duralumin prosthesis 

I Duralumin “set-up” conslstug ol shin piece, knee joint, and knee block made of 
The prosthesis i< completed for the bchial-beanng type by addinR a wooden 
thigh bucket and wooden fool as shown in t The “set-up” weighs two pounds and two 
ounces^_^e completed prosthesis weighs about four pounds 

. * duralumin ischial-beanng prosthesis with willow bucket Shoulder straps are 
t entering the anterior surface of knee block for knee control The duralumin leg 
s become sery popubr on account of its light weight. (Courtesy J. E. Hanger, Inc.) 
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There is no doubt that there are insurmountable problems con- 
nected with the replacement of hand function by the mere substitution 
of a prosthesis. Real progress in improving the function in arm ampu- 
tations depends upon: first, reeducation of the remaining hand in single 
amputations; and, secondly, reconstructive surgery in double amputa- 
tions, together with individual development of special appliances for 
particular trades. 

In teaching patients who have undergone recent amputation how to 
take care of the acts of personal necessity — dressing, etc. — arrange- 
ments should be made to secure the services of an experienced person 
who has undergone an amputation, as it is impossible for an unampu- 
tated person really to aid as an instructor. This plan was followed in 



ischial-beariDE tW-h and below-knee amputations wthcuj 
’ood allowinK toe motion and.articulate 

fhih with the shin pncc which is made of willow. The knee JO'”t 

K ^ cordless type The buckets of both the below-knee and 
Kte^hkh U n '"®. throughout, including the feel, 

Th. waterproof, flcsh-colorcd cement . . . . 

I'”’” modified and a ‘‘leather-back" socket made, which c 
M K f than six inches The willow is cut a''ay and 

AdS JeaUicr-back socket is more comfortable to sit m 

‘x® wooden socket as the leather is softer and ten 
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Upper Extremity. — Finished appliances for the upper extremity as 
offered by the commercial market should be considered only from the 
standpoint of general utility, as such arms are seldom of much value 
vocationally. They are useful in carrying, as the fingers can usually be 
locked in flexion or set permanently in flexion \vith a movable thumb; 



Fics 55, 56 — Ischial bearing is the predominant type of bearing in all amputations 
thigh (Fig 53), CTCept traiiKonilylar, whidi is shown in Fig 8 In the latter, 
note that hammock is suspended in order to permit end bearing In some finished 
PpUances, the temmal part of the socket b shaped and the hammock b not used 


and they are useful as an auxiliary in single amputations. Practically 
all arms offered have similar features — namely, a rotating wrist and 
a movable thumb, which apposes to fixed fingers by spring action the 
angers being in slight flexion. The thumb is usually operated by a cord 
extending to the opposite shoulder. 
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the army and should be used by all surgeons who are doing amputa* 
tions. 


Permanent Appliances 

Lower Extremity. — Partial Foot Amputations. — The appliance 
for a partial foot amputation requires a fill of cork pd metal reen- 
forcement in the toe of the shoe to keep it from turning up. Chopart 
amputation requires, in addition, anchorage in the form of a molded 
leather lacing, with side steels extending up to the knee. Syme ampu- 
tation requires an ankle joint and side bars, either lateral or antero- 
posterior. 

Below-Knee Amputations. — The socket is made of willow and is 
shaped by routing with a drawknife. It is anchored to the foot by steel 



Fio. 54 — ^Types of prosthesis made for partial foot, the Chopart, atvd the Syme stumps 
(Courtesy E. H. Erickson Co ) 


bars, which are set into the wood. The entire limb, except the jomts 
at the ankle and the knee, is covered with rawhide. Lateral stee s 
extend above the knee. To these are attached a leather thigh can, 
which is laced to the thigh (Figs. 51-54). 

Thigh Amputations.— The main body of the limb is made usually 
oi willow or aluminum (Fig. 8). In either case the socket is of 
The knee action is either automatic (spring control) or is contro r 
by a strap which goes over the shoulder. The weight-bearing is on the 
tuberosity of the ischium in most thigh stumps, except the trans- 
condylar (Figs. 55 and 56), In the latter, total end bearing is possible. 
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Redundancy. — Many stumps become redundant after prolonged 
use of an appliance, so that the skin hangs in folds. Fissures form 
between the folds and become the seat of various types of dermatitis. 
If redundancy is marked, and fissures and dermatitis are continually 
interfering with the functional use of the limb, it is best to perform a 
plastic operation to correct the redundancy rather than to temporize 
with local treatment. 

Ulceration. — When patients pass middle life, ulceration near the 
end of the stump is very common. Frequently the ulceration is due to 



Fio 57 — Method of using crutches in the case of an arm stump 


original pathology for which the amputation was done, such as 
j disease, diabetic gangrene, senile endarteritis, etc. In many 

oi these cases, the more recent procedures recommended for the im- 
provement of low vascularity in the extremities should be tried before 
reamputation is considered— namely, perivascular sympathectomy, 
gangiionectomy, intravenous saline injection. 

Bulbs.— Tender nerve bulbs, of course, should be removed if 
uey interfere with the use of the appliance. 
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In amputations above the elbow, a ‘ ’ 

flexion is accomplished by a forward s * . 

stumps, of course, attachment to the shouiuer is necessary. i«e proa* 
lem of vocational appliances in amputations of the upper extremity 
should be worked out in each individual case, and the appliance should 
be so designed as to be an auxiliary to the remaining arm in the daily 
work of the individual. 


Care of the Stump 


The minor ailments of the slump and difficulties with the socket of 
the appliance seldom come to the attention of the surgeon, as he 
usually does not see his patient after an appliance has been fitted. 
The limb fitter, being eager to please ‘and hold his client, who, of 
course, is a potential customer for the rest of his life, attempts to givT 
advice on all questions regarding the stump. Due credit for this service 
should be given to fitters, whose advice is usually helpful, as the 
majority of them are, themselves, wearers of appliances, but it fre- 
quently happens that definitely indicated treatment of the stump » 
delayed and disability prolonged by withholding medical counsel. 
Surgeons should insist on following their amputation cases until the 
permanent appliance has been worn for at least a year, as many stump 
troubles will appear during that time. 


Variation in Size of the Stump.— Usually at the time a permanent 
appliance is fitted, the stump has not thoroughly "shrunk." In order 
to avoid frequent changes of the socket, adjustment for the shrinkage 
is accomplished by adding stump socks. Slump socks are supplied m 
wool and silk-wool and can be obtained at any appliance house. ^ 
stumps should be protected with well-fitting stump socks when the 
appliance is being worn. Frequently patients are at a loss as to vihy 
the artificial limb will fit one month and not the next. As a rule, t e 
explanation lies in the variation of the size of the stump, which in- 
creases or decreases as the patient gains or loses weight. Usually, m 
the morning, some difficulty is encountered in properly fitting the 
stump into the socket of the appliance, due to the fact that the stump 
has enlarged slightly during the night. 


‘>1 the functional use of the stump, considerable 
dimcuUy is encountered because of chafing of the skin at the points 
where procure is exerted. Later, callosities may develop at the same 
points. In below-knee stumps, these points are under the head of the 
the tibia, and along the inner surface of 
the head of the tibia. Treatment of this condition consists in proper 

locketTimerlals^^^'''' of the interior of 
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Redundancy. — Many stumps become redundant after prolonged 
use of an appliance, so that the skin hangs in folds Fissures form 
between the folds and become the seat of various types of dermatitis. 
If redundancy is marked, and fissures and dermatitis are continually 
interfering with the functional use of the limb, it is best to perform a 
plastic operation to correct the redundancy rather than to temporize 
wth local treatment. 

Ulceration. — When patients pass middle life, ulceration near the 
end of the stump is very common. Frequently the ulceration is due to 



Fic 57 — Method of using crutches in the case of an arm stump. 


^e original pathology for which the amputation was done, such as 
disease, diabetic gangrene, senile endarteritis, etc. In many 
of these cases, the more recent procedures recommended for the im- 
provement of low vascularity in the extremittes should be tried before 
reamputation is considered— namely, perivascular sympathectomy 
ganglionectomy, intravenous saline injection. ’ 


Nerve Bulbs. — Tender nerve bulbs, of course, should be 
hey interfere with the use of the appliance. 


removed if 
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Sensations in Amputated Part. — Shortly after amputation, a very 
high percentage of patients wll complain of pain, numbness, par- 
esthesia, etc., in certain parts of the amputated limb. As a rule, it is 
not necessary to take these subjective symptoms seriously, as it is 
not long before they are forgotten by the patient. 


Use of Crutches 

Unless the patient is supplied with a reserve artificial limb, it is 
inevitable that a fair portion of his time must be spent using crutches 
while repairs are being made. All persons who have undergone ampu- 
tations use crutches when the appliance is not worn, as in bathing, etc. 
It is well for the surgeon to give every- patient who .uses crutches 
simple instruction in their use. The weight in crutch progression should 
be borne chiefly on the hands, and the axillary rest should take only 
part of the body weight. In the forward thrust of walking, most of 
the weight should come on the hands. When the patient stands, he will 
usually allow most of the weight to come on the axilla, thereby giving 
the hands a rest. If the crutches are too long, bearing wll be pre- 
dominately axillary, and may lead to crutch paralysis, or slow atrophy 
of the arm. Occasionally, one is called upon to take care of a patient 
who has had multiple amputation. When both an upper and a lower 
extremity are amputated, the question of walking with crutches neces- 
sitates some adaptation to the crutch, in order to enable the patient to 
walk with crutches (Fig. 57 ). 

Summary of Physical Therapy 

In every case a person who has undergone amputation is a potential 
therapy patient. In the majority of cases, physical therapy 
should start within a few days following the amputation. In infected 
cases or guillotine amputations a portion of the physical therapy meas- 
ures must be delayed until healing of the stump is secured, but even 
then a certain amount of physical therapy is Indicated. The chief 
therapy measures indicated are massage, motion, hardening 
ot the stump, splinting, and the supervision of the wearing of the 


Massage. Light stroking massage should be started on the stump 
^s above the protective dressing and continued up the limb, growing 
stimulating as the upper limits of the extremity 
reached. As soon as the incision is healed, light stroking and kneadmg 
massage should be started over the end of the stump. The purpose Jj 
and accustom the patient to the touching and 
vpnt ^ (a most important psychologic effect); t^o pr - 

tn nrpmr,^ ^ Pliable; and, finally^ 

to prepare the stump for end or partial end bearing. This massage 
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should be continued even after discharge from the hospital in cases of 
adherent scar, contractures, and impaired function in adjacent joints 

(Fig. 58). ^ 
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the stump end exposed. The hardness of the surface being tapped is 
gradually increased until the patient, within two or three weeks, is 
striking his stump rather forcibly against the bottom of a chair or the 
surface of a table (Fig. 50). 

Splinting. — Splinting, to prevent joint contractures and faulty posi- 
tions of the stump, and traction, either for the same purposes or to 
secure better skin covering of the stump, are likewise physical therapy 
measures which must not be neglected in indicated cases. 

Wearing of Prostheses. — Finally, the surgeon who is rehabilita- 
tion-conscious must recognize the importance of supervising the wearing 
of temporary and permanent prostheses until the patient has regained 
the greatest possible functional restoration in the handicapped ex- 
tremity. 




CHAPTER FOURTEEN 


PHYSICAL THERAPY IN RELATION TO THE SURGICAL 
TREATMENT OF ARTHRITIS 

Beveridge H. Moore, M.D. 

Introduction 

Definition. — In discussing this subject it is well to define clearly 
the ground to be covered. It is not the intention to discuss the physical 
therapy of arthritis; that is taken care of in another chapter. This 
one is concerned only with the surgical treatment of arthritis in its 
relation to physical therapeutic measures. There is a dearth of litera- 
ture on this subject. Most of the available articles describe minutely 
the details of the operative procedure and then blandly remark that 
physical therapy is a valuable adjunct in the after-care, leaving the 
reader to form his own conclusions as to how or why. Another point 
that should be cleared up preliminary to a discussion of the subject 
is a definition of arthritis. The classification of arthritis is at present 
in a deplorably muddled state. There is confusion as to the nomencla- 
ture of the various types, and to make matters norse, some authors 
are including pyogenic, tuberculous, and gonorrheal joints in the class 
of arthritis, These conditions undoubtedly are inflammations of the 
joints, but to include them under arthritis is to add an unwarranted 
burden to an already overburdened classification What the field of 
arthritis needs is narrowing rather than broadening. For the purpose 
of this chapter, then, arthritis will be considered as an affection of 
the joints in which there is no demonstrable infection present in them, 
though they are the site of pathologic changes. That is, it is the 
chronic nonsuppurative arthritis which is being considered in this 
chapter. This will include the classes usually called hypertrophic 
osteo-arthritis, and atrophic or rheumatoid arthritis. 

Indications for Surgery 

^Another point which I wsh to bring out clearly is that I am by no 
’ ’ urgery on all cases of arthritis, even in 

defined. I wish to make this as emphatic 
chronic arthritis which can be benefited 
Dy operative surgery, but they represent a relatively small proportion 
the total number. As a general rule operative surgery should not 
c considered while the condition is acute. Since arthritis during this 
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stage is a general disease, although its chief local manifestations are 
in the joints, all the measures of general medicine, including diet, and 
physical therapy should be given a thorough trial before operative 
measures are considered. As a matter of fact, the question boils down 
to this: Surgery is more often useful in the treatment of the sequelae 
of arthritis than in the treatment of arthritis itself. 

I would give, then, as the two principal indications for surgery in 
arthritis: first, the relief of pain; and second, the correction of de- 
formities resulting from arthritis which are causing disability. These 
two indications, of course, will overlap to a certain extent, and in any 
individual case both may be present in varying proportions. It is quite 
logical to believe that a joint deformed by arthritis will be more sub- 
ject to pain simply because it is at a mechanical disadvantage in 
meeting the strains for which the normal joint is perfectly adapted. 

With regard to the first indication, the relief of pain, there is noth- 
ing that calls for more delicate judgment on the part of the surgeon. 
Much depends in this case on the personal equation of the patient. 
There is no standard by which pain can be measured by another per- 
son than the one enduring it. \^at one person may regard as eircru- 
dating agony will be regarded as discomfort by another, though so 
far as the physician can determine, the two may be pathologically 
exacUy alike. 

With regard to the second indication for surgery, the relief of the 
deformity with resulting disability, there is not quite the same in- 
definiteness. It is obvious that a deformed joint, for example, a knee 
flexed 45®, is not as useful for weight-bearing as one that is in tior^ma 
position. Hence, if we can place this Joint in a position which will oe 
mechanically better, we have benefited ft. 


Reuef of Pain 

Tbe^ operation most commonly used for the relief of 
arthritis is some form of ankylosing operation by which the boue 
forming the offending joint are fused together. It is based on 
theory that no joint at all is better than a painful one— -a point o 
view with which many patients who are suffering are quite willing 
agree. The regions in which fusion operations are of particular va 
are, first, the sacro-iliac; second, the spine; third, the hips; fou - 
the shoulder. 


ARTHRODESIS OF SACRO-n.rAC JOINTS 

The sacro-iliac joints are small but exceedingly troublesome 'vhw 
affected by arthntis. In a recent questionnaire by the Clinical Ort 
pedic Society with regard to the question of the cause for low back 
pam. It was the almost unanimous opinion that arthritis of the sacr^ 
ihac joint was the most common cause. The frequency with which 
arthritic changes are noted in x-rays of the sacro-iHac region bears 
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this out. It has been frequently noted that in such cases the pain 
has disappeared when the sacro-iliac joints have become completely 
fused by the pathologic process. This furnishes the rationale for fus- 
ing them by operative means — that is, it is a matter of assisting nature 
to do in a comparatively short time what she will eventually do her- 
self, thus shortening the patient’s period of disability. Numerous 
methods of fusing these joints have been devised by Smith-Peterson, 
Campbell, Gaenslen, Chandler, Verall, and others. 

Operation. — ^The operations are all of two types: one in which the 
joint itself is cleaned out and fused, and the other in which the joint 
itself is not touched but is completely immobilized by building a 
bridge of bone across the joint, i.e., an extra-articular fusion. 

In the Smith-Peterson operation, which is one of the first type, a 
square of bone is cut from the ilium directly over the sacro-iliac joint, 
which is curetted out through the opening and the square of bone is 
replaced. Gaenslen reaches the joint by cutting through a portion 
of the posterior wing of the ilium, turning it back, and curetting out 
the joint. Campbell’s and Chandler’s operations are very similar and 
are of the second type. Both do an extra-articular fusion of the sacrum 
and ilium by stripping away the periosteum from a portion of the 
sacrum and ilium and then building a bridge of the bone chips 
removed from the ilium across the sacro-iliac joint, causing an extra- 
articular fusion with resulting immobilization of the joint. Verall places 
a graft from the tibia across the posterior portion of the sacrum and 
ilium. All these methods have the same object in view, that is, the 
prevention of motion in the sacro-iliac joint. In one type this is ob- 
tained by destruction of the joint with a resulting fusion; in the other 
type, by a fusion between the sacrum and the ilium. 

After-Treatment. — ^The primary object of the operation must be 
kept firmly in mind — that is, a bony union between two surfaces. In 
order to obtain this the involved bones must be held immobile until 
union has formed. It must also be remembered that it takes some- 
what longer to obtain a fusion w'here a joint has been removed than 
where a fracture has occurred in a bone. How this immobilization is 
to be accomplished is largely a matter of taste with the surgeon. In 
the first stage it will be obtained by rest in bed with the patient lying 
on the abdomen, at least for the first tw'o weeks. This stage of rest 
in bed will last from four to six weeks. Following this, sufficient 
immobilization can be obtained by a plaster cast. The sacro-iliac joint 
•s not an easy one to immobilize and so the plaster must be applied 
sWlIfully to be effective. This stage will last from six to eight weeks, 
nmen the fusion should be strong enough to allow the patient to be 
about with a well-fitting belt for support. 

Physical Therapy.— Again the primary object of the operation 
must be borne in mind. Any manipulation which would tend to move ’ 
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the affected joint is taboo, especially during the early stages. However, 
local heat is often agreeable and by causing local hyperemia it may 
hasten the process of consolidation, hlassage of the muscles of the 
thighs, legs, back, and arms is of benefit, in that it tends to keep these 
muscles in good condition and thereby shortens the period of con- 
valescence after the fusion is firm enough to permit weight-bearing 
while still supported. 

ARTHRODEStS OF SPINE 

The theory underlying the use of spinal fusion for arthritis is, of 
course, the same as with the sacro-iliac joint, that is, no joint is better 
than a painful one. The operation is especially applicable to osteo- 
arthritis of the spine, in which the process is fairly well limited to 
one region. The cases in whidi the radiograph shows large crescentic 
lipping extending from the border of one vertebral body to the adja- 
cent one are especially favorable. As to the technic of the operaUon, 
it is not necessary to go into the details since it has been described so 
many times in the literature of more recent years. It is sufficient ^ 
there are two main types of operations for spinal fusion, the Hidds 
and the Albee, In the Hibbs operation no extraneous bone is used, 
while in the Albee type operation a bone graft removed from another 
part of the body is applied to the spine to cause fusion. Each opera- 
tion has advantages and the choice must be made by each individual 
surgeon. Either type will give satisfactory results in the hands of a 
competent operator. 

After-Treatment— After-treatment does not differ materially from 
that of sacro-iliac fusion, consisting of rest in bed, support by plasUr 
cast, and then braces. The spine is somewhat easier to immobilize by 
plaster than is the sacro-iliac joint, and it seems that weight-bearing 
when the spine is well supported by a plaster cast which fits we 
tends to give earlier and more solid fusion. 


ARTHRODESIS OF HIP JOINT 

Fusion of the hip joint has not a wide range of application. It Js 
hrmted to those cases in which only one hip is affected and_ . 
.1?” L type of this case is that of osteo-arthritis in 

the head IS badly mushroomed and deformed by the 
process. There are two methods of obtaining a fusion of the mp 
joint, the mtracapsular and the extracapsular. In the intracapsuiar 
method the hip joint is opened and the head exposed and denuded 
of cartilage. The cartilage of the acetabulum is also removed, thus 
bringing raw bone in contact with raw bone. The operation is not an 
e^y one, m fact, it is a very difficult one. Furthermore, while the 
placing of raw bone against raw bone should theoretically produce 
union, It does not always do so, and the hip joint is notoriously a 
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Arthrodesis of Foot Joint 

hard one to fuse. However, Magnuson states that he has had several 
cases in which, although fusion was not obtained by this method, 
there was great relief from the pain. 

After-Treatment. — In obtaining fusion of the hip the after-treat- 
ment is governed by the same principles as those \^hich apply to the 
spine. Immobilization should last for a period of three to four months, 
with weight-bearing while immobilized after four to six weeks. In 
obtaining immobilization of the hip a plaster cast is the most effective 
agent. The choice of position for ankylosing a hip Joint is very impor- 
tant. The position usually chosen is full extension of about 15® and 
neither internal nor external rotation. This position is undoubtedly 
the best for walking or standing but is not so convenient for sitting. 
In order to sit comfortably \vilh a stiff hip in the fully extended posi- 
tion, the patient must develop compensatory motion of the lumbar 
spine. Therefore, before recommending a fusion for an arthritic hip, 
it is important to assure one’s self that there is no arthritis in the 
lumbar spine. No form of traction should be used after an operation 
to secure fusion of the hip. This is obvious, since in order to secure 
fusion the bony surfaces must be forced together, whereas traction 
draws them apart. It should be borne in mind that after a successful 
fusion operation, the muscles which ordinarily act on the joint tend 
to atrop% rapidly, since the fusion has robbed them of their function. 
This is the converse of the operation in infantile paralysis where the 
fusion is done to stabilize a joint which cannot function properly on 
account of a loss of power in its muscles. Massage will tend to delay 
this muscular atrophy but will not prevent it, since it is a result of a 
loss of function. However, in the three joints discussed, the sacro- 
iliac, spine, and hips, the atrophy of the muscles is not of the conse- 
quence that it is in other regions of the body. 

ARTHRODESIS OP SUBASTRAGALAR, ASTRACALOSCAPHOIP, AND 
CALCANEOCUBOID JOINT 

Another joint in which arthrodesis may be considered as a treatment 
[or arthritis is the subastragalar, astragaloscaphoid, and calcaneocu- 
boid joints considered together. The special indication for fusion in 
this region is that type of arthritis not infrequently seen following a 
fracture of the os calcis. The arthritis of the subastragalar joint causes 
persistent pain and disability. Subastra^lar arthrodesis similar to that 
for stabilization of a paralytic foot gives excellent results in these 
cases. The technic consists in clearing out the tissues from the sinus 
tarsi to give access to the astragaloscaphoid, calcaneoscaphoid, and 
calcaneocuboid joints. The cartilage and a portion of the bone are 
then removed from each of these joints It is possible by a little care 
to remodel the bones so that the weight-bearing can be much im- 
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pe affected joint is taboo, especially during the early stages. However, 
weal hCtU IS often agreeable and by causing local hyperemia it may 
1 ^ process of consolidation, i^fassage of the muscles of the 
thighs, le^, back, and arms is of benefit, in that it tends to keep these 
muscles in good condition and thereby shortens the period of con- 
valescence after the fusion is firm enough to permit weieht-bearing 
while still supported. 6 6 

ARTHRODESIS OF SPINE 

The theory underlying the use of spinal fusion for arthritis is, of 
course, the same as with the sacro-iliac joint, that is, no joint is better 
than a painful one. The operation is especially applicable to osteo- 
arthritis of the spine, in which the process is fairly well limited to 
one region. The cases in which the radiograph shows large crescentic 
lipping extending from the border of one vertebral body to the adja- 
cent one are especially favorable. As to the technic of the operatiori, 
It IS not necessary to go into the details since it has been described so 
many times in the literature of more recent years. It is sufficient to say 
types of operations for spinal fusion, the Hibbs 
^ VI -^bee. In the Hibbs operation no extraneous bone is used, 
'wmie in the Albee type operation a bone graft removed from another 
part of the body is applied to the spine to cause fusion. Each opera- 
tion has ^vantages and the choice must be made by each individual 
surgeon. Either type \viU give satisfactory results in the hands of a 
competent operator, 

* 1 , — After-treatment does not differ materially from 

at of Mcro-iliac fusion, consisting of rest in bed, support by plaster 
toL* then braces. The spine is somewhat easier to immobilize by 
sacro-iliac joint, and it seems that weight-bearing 
^ Spine IS well supported by a plaster cast which fits well 
tends to give earlier and more solid fusion. 
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popliteal space from the side. This gives rather free access to the 
posterior portion of the capsule mthout great danger to the popliteal 
vessels and nerves. The capsule is then either divided or stripped from 
its attachment to the posterior surface of the femur. 

After-Treatment. — In the after-care of these cases it is very im- 
portant to remember that if the contracture is of long standing, not 
only are the tendons and capsule contracted, but also, to some extent 
at least, the large nerves and the popliteal vessels are tight. To attempt 
to stretch them violently may result in disaster — either shutting off 
the circulation of the leg or tearing the popliteal nerve trunks. There- 
fore, it is better to use some apparatus for gradual stretching. The 
simplest is a circular plaster cast applied from the groin to the ankle, 
wth the knee in flexion. Before it hardens completely a circular cut 
is made behind the knee, leaving about two inches of plaster intact 
over the patella to act as a hinge. Then in two or three days this is 
opened by extending the knee and placing thin strips of wood in the 
cut to hold it open. These are added to each day and the extension is 
thereby increased until the full amount is obtained. Other more elab- 
orate devices have been invented, but this method is the simplest and 
is effective. After the full amount of extension has been obtained, 
the knee should be retained in that position for about six weeks longer 
in order to prevent contractures from recurring. 

Physical Therapy. — The next step is beginning to secure motion 
by passive movement, massage, and heat. These are great aids at this 
stage. The passive movements must be gently and slowly done, going 
to the point where the movement begins to be checked, then very 
gently a little beyond that and holding the stretch obtained for a few 
seconds. These movements occupy but a very small portion of the day 
and it is to be remembered that contractions may recur during the 
rest of the day. Some form of removable splint to retain the position 
should be worn continuously. The stretching and massage should be 
kept up for several weeks, until the motion present is smooth and 
entirely painless, though probably not the normal range of the joint. 
Then function should be very gently begun. First should be supported 
weight-bearing, then walking wth the aid of crutches. The natural 
function of the joint is the greatest aid to improvement from this 
point. This is a very tedious process and by no means all patients will 
show improvement commensurate with the time and difficulty in- 
volved, but some will be benefited enough to be freed from a wheel- 
chair existence, which is no bed of roses. 

REMOVAL or EXOSTOSES 

Another operative measure for the relief of deformity that may be 
necessary is removal of exostoses resulting from arthritis. This of 
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in operation the bones are retained 

P'“stcr, and early weight-bearinc-tte is as 
supported b?"the'^^''r'''p ^ be done— is encouraged while the foot is 

usually suffice to give a 

Hons sSd'mn-jM activfmo- 

iatten aroind^ th”^ restore function to the ankle joint. The manipu- 
Dlantar flerini, ® ‘‘mited to dorsiiiexion and 

HMo astrani?a '■b«5on IS that these motions are a function oi the 
ioinN we n whereas lateral motion takes place chiefly in the 
marie to .ee* uHempting to ankylosc. Hence, no attempt should be 
made to secure lateral motions by manipulations. 


Relief of Deformities 

the prime interest of an arthritic pa- 
to that is the relief from 
tn h* Oftentimes the two are associated. Again, surgery is not 
DromkM ^ advised, and the degree of relief that may be 

sible accurately weighed against the suffering and pos* 

fbut nnt^s« through in obtaining it. Yet sometimes 

inannnrAnf^ Often as one could wish) something may be done even 
A r "ope^ess cases to miUgate the difficulty of their position, 

woman County Hospital comes to mind, in which a young 

vearo wtfii ^^P® arthritis had been bedridden for 

arthroDlasfv^/fr^^J? ^ every joint of her body stiffened. A bilateral 
chanffp ffr.^ the jaw which turned out successfully gave her a 
Kave\pr at ^°^tinuous liquid diet to real food, a change which 
chanpp tik« interest in life, even though it did not 

Change the condition of her other joints. 


FLEXION DEFORMITK OF KNEES 

resulti^ff”fr(fif'^”l'^^- is one of the commonest deformitiK 

is particularlv which may require surgical interference. This 

are flexed tn^ cases of the rheumatoid type. "When the knees 

render onen ^ certain difficulties arise which often 

flexed to a necessary. In these cases the knees may be 

the joint to e!!her"Me‘‘o'ftte"'’ f™ degrees of ™Hon “ 

pression that ^ angle. The examination gives the im- 

Xn are hamstring tendons. They 

joint is also invSved ^sn ‘be posterior capsule of the knee 

tendons fails to rive it, ” » simple tenotomy of the hamstring 

knee should be divided Thu Posterior capsule of the 

an incision on the ouf.r ■ .This is accomplished most easily by 
portion of the ilfotibTa Lt,'f ho^k of the Io«r 
followed to the lower The Posterior leaf of this band can be 

end of the femur and entrance made into the 
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fixed, -walking with the cast should be begun. WTien this can be easily 
done, a removable abduction splint may be substituted for the cast, 
massage and active and passive motion without weight-bearing may 
be begun, and the support may be gradually left off. This operation 
means a shorter period of disability than is necessary following an 
arthrodesis. 

As mentioned previously, another field of usefulness for this 
of operation is in the metacarpophalangeal joints. The type of arthritis 
in which it is particularly applicable is the atrophic or rheumatoid 
rather than the hypertrophic. The operation is, in effect, a type of 
arthroplasty. The distal end of the metacarpal bones is removed and 
the end of the shah remaining is rounded off. Since this is an opera* 
tion intended to increase the range of motion as well as to relieve 
deformity, the bony surfaces should be kept well apart during the 
after-care. This is best accomplished by the use of a banjo splint with 
elastic traction furnished by rubber bands to each finger. As soon as 
healing is well under way, that is, in from lo to 14 days, gentle passive 
movement should be begun to be followed by active motion as soon 
as possible, not engaged in motion, the finger should be kept 
in traction. It has been my pleasure to see cases done by Dr. Leven- 
thal at Cook County Hospital in which there was excellent, painless 
motion of the fingers following this operation. The restoration of use- 
ful motion to the fingers would be quite a boon even though other 
joints were so badly affected that nothing could be done for them. 

SWOVECTOMV 

Synovectomy or the removal of the synovial lining of the arthritic 
joint is an operation of value in occasional cases. It is useful in those 
cases in which the pathologic changes are confined to the synovial 
membrane and the bone and cartilage do not as j'et show’ pathologic 
changes. These cases are characterized by a thickened boggy condition 
of the joint capsule. This must be distinguished carefully from an 
effusion into the joint. The basis on which synovectomy seems to give 
relief is apparently twofold In the first place, an irritated sore portion 
of the joint is removed which is of direct benefit. In the second place, 
joints of this type, namely, those with thickened, boggy, synovial 
membrane, may be themselves foci of infection almost as much as in- 
fected tonsils. Hence, the removal of a mass of low-grade infected 
tissue may give considerable general relief. This operation was first 
advocated by Volkmann for tuberculosis of the knee. The knee is by 
tar the most available joint for the operation of synovectomy. The 
joint is opened from the inner side of the patella and the synovial 
jjiembrane dissected aw’ay, leaving the joint capsule intact. It should 
ue removed completely from the suprapatellar pouch and the internal 
and external walls of the joint. The membrane in the posterior pouch 
wiii be left. 
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course, is particularly true of the hypertrophic type, since it is this 
form which produces exostoses. Many of these exostoses ate m situa- 
tions where they do little or no harm, but occasionally they may 
definitely limit the motion of a joint. If they are rn a situation where 
there is weight-bearing or pressure, they may cause pam. An ™stois 
on the inner side of the head of the fimt 
common example oi the latter. If it is large enough to P'"® ™ 
tissues between it and the head of the second 
are worn, a great deal of pain is produced. Another s™' ” 
is the subcalcaneal spur, which is not necessarily the reu t 6 
rhea but oiten occurs in other types of arthritis, ftemova! ««« 
spurs does not entail any great t^hmcal difficulty and does g 
relief. It must be borne in mind that it has no effect wha 
pathologic process in the joint itself. It is also wise to 
that the exostoses may recur, for such recurrences are 
As to the physical therapy employed afterward, i,jve 

massage begun as soon as the skin incision is ^ ^ 

proved most efficacious. Carefully graduated early use is i 

it must be well controlled. 

REMOVAL OF ENDS OF BONES 

In the class of operations for the relief of ^very 

eluded the removal of the ends of the ^ 

limited range of usefulness, being practically ?i{nts. 

where only one is involved, and to the nietacarpophalan^al 
In the hip this operation may be regarded as the 

arthrodesis of the hip previously described. Its ’f^more con* 


arthrodesis is that a movable hip joint results, which waiting, 
venient for sitting but not quite so good for wh'it may 

If the head and neck of the femur are removed, leaving ^ 
be described as a “broomstick” femur, there 15 sure , of 
marked limp resembling that of a unilateral con^mtal ^ 
the hip. The limp is produced in the same way, that 
ing the solid point of counterpressure furnished by the ffjmin* 
femur against the root of the acetabulum. The limp may 
ished by using the Whitman reconstruction operation, , 

ununited fracture of the femoral neck. In this operation 
the femur is removed and the greater trochanter cut nlaced 

The femur is then abducted sharply and the stump o* ^ j^oved 
in the acetabular cavity. The amputated trochanter will , oosition 
donTiward along the shaft of the femur below its ori^n (0 

where it is fastened to the shaft. A plaster cast ^ pew 

hold the femur abducted until the trochanter has united 1 
position. The trochanter’s being displaced gives After 

the muscles attached to it act to fix the pelvis during waiK b- 
about six weeks, when the transplanted trochanter should 
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six weeks to three months. Personally I much prefer to reduce the 
deformity in this type of joint by gradual reduction by the wedging 
plaster mentioned previously. 

There is another type of joint which gives much better results by 
manipulative methods. This is the type of joint in which the arthritis 
is of moderate grade with not much deformity, a little capsular thick- 
ening but no effusion in the joint. In fact, the joint gives the impres- 
sion of a “dry” joint. Motion is often limited and is painful. The 
x-ray frequently shows very little change from normal. It is the 
type often called traumatic arthritis, from its frequent association 
with trauma. A typical example is the painful shoulder joint often 
appearing after a fall in which the weight comes on the outstretched 
hand. In this type of arthritis manipulation under an anesthetic often 
gives surprising increase in function. In manipulating these joints 
much care must be taken. The joint should be put through its full 
range of motion gently and only once. Frequently a grating or snap- 
ping will be felt which has given rise to the idea that adhesions are 
being broken, though it is very unlikely that there are actually ad- 
hesions between the two surfaces of the joint. 

After-Treatment, — We must remember that with this type of joint 
we are not usually aiming so much at the correction of deformity as 
at an increase of function. For this reason the after-treatment will be 
totally different. The shoulder joint should be supported in an im- 
proved positionj preferably by a splint. Each day the joint should 
be put through its range of motion. 

^ Physical Therapy. — I have spoken of this type of joint as a “dry” 
joint. The physical therapy should be directed towards stimulating the 
flow of blood to the joint to aid in overcoming this dry condition. 
Heat is the most effective way of producing this. Personally I prefer 
wet heat, though the dry heat is more easily applied. In applying wet 
heat the dressings must be voluminous. The wet application should be 
covered with rubber sheeting and the hot-water bag should be applied 
over this to keep the dressing hot. The use of an ordinary electric 
pad with hot wet dressings is unsafe, though there are now electric 
pads specially devised for this use. The skin should be guarded against 
niaceration, and hot dry cloths should be applied after the removal of 
the wet dressing to prevent chilling of the part. Massage is useful in 
mese cases. Again the object of the treatment should be kept in mind. 

Indicates stimulating massage rather than sedative. The massage 
should be deep in order effectively to increase the flow of fluid to 
the joint. But the most important part of the physical therapy is the 
active motion of the affected joint. Nothing stimulates a dry joint 
so well as its natural function. This must be carefully guarded in the 
oeginning but should be kept up to the limit of tolerance. It is with 
Jhis type of “dry” joint that the so-called bonesetters have their re- 
markable results. 
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Physical Therapy in Surgical Arthritis 

After-Treatment. — After the operation no immobilization other 
than that supplied by the usual dressing should be used, since it is 
desired -to obtain motion. The quicker motion can be obtained, the 
better. Hence, gentle active and passive motion should be begun as 
early as two or three days after the operation, but it must be gently 
done. Heat applied to the joint hastens absorption of exudate following 
the operation. Function of the joint should be resumed as soon as 
possible, though time will vary with individual cases. Key has found 
that after the removal of the normal synovial membrane from a rabbit 
joint it is reproduced in about 6o days. This, of course, was the 
case with the normal membrane, which may act differently from the 
diseased, but at any rate it is possible for the synovial membrane to be 
reproduced intact.^-- 

Manipulative Surgery 


Another type of surgery sometimes used in cases of arthritis is 
manipulative surgery. This has a field of usefulness but it has also 
its dangers. As a matter of fact, in genuine arthritis, particularly 
of the atrophic type, it has almost no field. In this type of arthritis 
the deformities ate caused by contraction (associated with thicken- 
ing) of the joint capsule and to a certain extent of the tendons and 
muscles about the joint. There is also associated with this a marked 
thinning of the bones shown by a loss of their mineral content. If, 
then, we undertake to manipulate such a joint under an anesthetic, 
we are confronted with several dangers. One is the danger of pro- 
ducing a fracture, either a transverse fracture of one of the bones 
forming the joint, or a crushing fracture of the joint surfaces of the 
bones. Atrophied bone crushes with very slight pressure almost as 
easily as ordinary pasteboard, and will often do so more easily than 
the contracted capsule or tendons >vill stretch. Another dangf^ is 
injury to blood vessels or nerves. For instance, if a knee has been 
flexed for years to a right angle or less, the arteries and nerves are 
likely^ to have undergone adapted shortening, and violent stretching 
will either rupture them or narrow the lumen so as to interfere sen 
ously with the blood supply. For these reasons in a joint of 
the temptation to try forcible correction under an anesthetic snoui 
be resisted. If it is done, it must be done gently. The force must be 
applied gradually so as to permit slow stretching of the contracte 
tissues, and excessive force must not be used. To define^ excessive 
force in terms of pounds is quite impossible. Furthermore, it 
remembered that all bones and joints are types of levers, and tn 
force that one applies to a bone may be multiplied many times by me 
lever action Each joint must be a law unto itself. In attempting to 
reduce the deformity of a stiff joint by manipulation it is to be r^ 
niembered that the deformity is extremely prone to recur. Hence 
should be placed in a plaster cast and held in the corrected posit>on 
until there is no tendency to relapse. This will be a long time, from 
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six weeks to three months. Personally I much prefer to reduce the 
deformity in this type of joint by gradual reduction by the wedging 
plaster mentioned previously. 

There is another type of joint which gives much better results by 
manipulative methods. This is the type of joint in which the arthritis 
is of moderate grade with not much deformity, a little capsular thick- 
ening but no effusion in the joint. In fact, the joint gives the impres- 
sion of a “dry” joint. Motion is often limited and is painful. The 
x-ray frequently shows very little change from normal. It is the 
type often called traumatic arthritis, from its frequent association 
^nth trauma. A typical example is the painful shoulder joint often 
appearing after a fall in which the weight comes on the outstretched 
hand. In this type of arthritis manipulation under an anesthetic often 
gives surprising increase in function. In manipulating these joints 
much care must be taken. The joint should be put through its full 
range of motion gently and only once. Frequently a grating or snap- 
ping will be felt which has given rise to the idea that adhesions are 
being broken, though it is very unlikely that there are actually ad- 
hesions between the two surfaces of the joint. 

After-Treatment — We must remember that with this type of joint 
we are not usually aiming so much at the correction of deformity as 
at an increase of function. For this reason the after-treatment will be 
totally different. The shoulder joint should be supported in an im- 
proved position, preferably by a splint. Each day the joint should 
be put through its range of motion. 

Physical Therapy. — I have spoken of this type of joint as a “dry” 
joint. The physical therapy should be directed towards stimulating the 
flow of blood to the joint to aid in overcoming this dry condition. 
Heat is the most effective way of producing this. Personally I prefer 
wet heat, though the dry heat is more easily applied In applying wet 
heat the dressings must be voluminous. The wet application should be 
covered with rubber sheeting and the hot-water bag should be applied 
over this to keep the dressing hot. The use of an ordinary electric 
pad with hot wet dressings is unsafe, though there are now electric 
pads specially devised for this use. The skin should be guarded against 
maceration, and hot dry cloths should be applied after the removal of 
the wet dressing to prevent chilling of the part. Massage is useful in 
^se cases. Again the object of the treatment should be kept in mind, 
^is indicates stimulating massage rather than sedative. The massage 
should be deep in order effectively to increase the flow of fluid to 
the joint. But the most important part of the physical therapy is the 
active motion of the affected joint. Nothing stimulates a dry joint 
so well as its natural function. This must be carefully guarded in the 
oeginning but should be kept up to the limit of tolerance. It is with 
joint that the so-called bonesetters have their re- 
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Ph3raical Therapy in Surgpcal Arthritis 


Preventive Surgery 

There is still another resource which is available in the surreal 
treatment of arthritis. It lies somewhere between active surgery and 
physical therapy. It may be called preventive surgery. I have said 
previously that active surgery is rarely, if ever, indicated in the active 
stage of arthritis. Vet it is in precisely that stage that most can be 
done to prevent the troublesome deformities which may later require 
active surgical intervention. 


Iminobiliaation. — ^During the acute stage of an arthritis the af- 
fected joints are very sore so that the least motion causes pain. Dur- 
ing this stage of soreness Immobilization gives most grateful relief 
and can be made to subserve the purpose of preventing deformities. 
Immobilization may be accomplished in various ways, all of vrhich 
have the same object in view. 


Casts. — ^T he first is by circular casts. A cast applied to immobilize 
the afiected joints should extend far enough above and below the joint 
to render immobilization complete. For example, a cast applied to the 
knee and extending only five or six inches above and below if is a 
very ineffective method of immobilization and will not give the de- 
sired relief. It should extend at least from the groin to the p*dc 
and it is better for it to include the foot. Similarly, if the elbow is the 
joint affected, the cast must extend at least from the shoulder to the 
wrist. If it is the hip or the shoulder, the cast must include practicaHy 
the entire trunk. The joint to be immobilized should be placed m the 
position which will produce the least inconvenience if it should 
stiff either permanently or temporarily. These positions are as follows 
for various joints: first, for the shoulder, abduction should be to nearly 
90 with the humerus at an angle of about 45® to the lateral pla^ 
of the trunk. Second, for the elbow, there should be 9o'‘ or a hn ® 
less for the right and a little more than 90® for the left if the patient 
IS right-handed. Third, the wrist should be dorsiflexed about 40 * 
V® position allows the fingers to flex easily. Fourth, tne 
should be placed in the lateral plane of the body and abducted abou 
r?- ' ^1? f^gard to the hip, this position is open to some argumen • 

it IS the best for waiking or standing but it is inconvenient for siting' 
A degrees of flexion, i5<* or 20^ make sitting much more com- 
fortable and do not interfere much with walking. It is to be remcm- 
bered also that the types of arthritis being considered very rarely re- 
ylt ‘n bony ankylosis, so that some motion wll frequently oe 

Jater which is useful if it is painless. Fifth, the knee 

should be immobihred in a strai^t line but never hyperextended. In 

supported both at the ankie 
^ applied. Sixth, the ankle shouW 

be immobdued at a right angle to the tibia with the foot neither 
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pronated nor supinated. Inasmuch as arthritis only occasionally 
affects a single joint, various combinations will have to be worked 
out with the above principles in mind. The disadvantage of a circular 
cast for immobilization in acute arthritis is that it precludes the use 
of any of the other therapeutic agents, such as heat, etc. This may 
be avoided by splitting the cast on each side while it is still wet. The 
anterior half can then be removed for inspection of the joint or 
application of heat, and replaced after that treatment is finished. In 
this way both the benefits of the immobilization in the prevention 
of deformity and the physical therapy can be combined. It ought 
to be remembered that the actual therapy takes a comparatively short 
time each day and that much of its effect can be lost during the re- 
mainder of the 24 hours. 

Traction. — ^Another form of immobilization that is useful is trac- 
tion. During the acute stage of arthritis there is much spasm brought 
about by friction of the sore joint surfaces on each other. This muscle 
spasm is apparently nature’s effort to immobilize the sore joint. Trac- 
tion acts by drawing these sore surfaces apart and so reducing the 
friction in the joint. It has this advantage over the simple immobiliza- 
tion by casts or splints. The use of traction by adhesive plaster is so 
well known that it is not necessary to describe the method. However, 
there is one detail which is overlooked at times and which greatly 
diminishes the effectiveness of the method. That is that the adhesive 
should never be applied beyond a point four or five inches below the 
joint on which traction is being made. If It is placed higher than that, 
the traction is exerted mainly on the skin above the joint with little 
benefit except from the immobilization of the joint. Of course, in the 
discussion of prevention of deformities by immobilization by casts or 
traction it must be understood that this applies to those in the acute 
stages who are still bed patients. 

Conclusion 

In closing the chapter I wsh to reiterate most emphatically that 
operative surgery is not advocated for every case of arthritis, no 
matter what the type or whose classification may be followed. Surgery 
in arthritis wiW always occupy a distinctly back seat (although “al- 
ways” is an extremely dangerous word in medical science). Never- 
theless many arthritic patients have been distinctly benefited by well- 
judged surgery. There is no field of surgery which calls for finer 
^ci^ent, not alone of the physical condition, but of human nature, 
hach case must be carefully individualized, not only with regard to 
the patient’s specific condition, but as to his general condition and his 
mental reactions as well. He must be willing and able to put much 
eiiort into his own after-treatment. All the other resources of medicine 
and physical therapy should be thoroughly tried before considering 
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CHAPTER FIFTEEN 


PHYSICAL THERAPY IN THE TREATMENT OF BRAIN AND 
SPINAL CORD LESIONS 
Loyal Davis, M.D., ahd John Martin, M.D. 

The trealmenl oi lesions oi the brain and spinal cord should be 
directed toward the restoration of the patient to a normal life of social 
and economic independence- The physician frequently makes the error 
of looking with an attitude of hopelessness upon the disabilities which 
result from injury or disease of the central nervous system. The result 
of this fatalistic outlook may be a life of invalidism for the patient, 
with physical and financial dependence upon his relatives or com- 
munity. There is no doubt but that many of the crippling deformities 
and contractures which commonly result from cerebral and spinal cord 
involvement could be partially or wholly avoided by a well-directed 
regime of physical therapy. 


Cerebral Lesions 

The paralysis which results from disease or trauma of the cerebrum 
is always spastic in character. Quite commonly the paralysis may at 
first be flaccid, with the absence of all the deep tendon reflexes, but 
eventually an increase of tone develops in the muscles of the affected 
extremities, and this change is accompanied by other signs and symp- 
toms of an upper motor neuron lesion. Briefly these ate: irvcreased 
deep tendon reflexes; absent superficial reflexes; the presence of path- 
ologic reflexes (such as the Babinski, Oppenheim, Gordon and Chad- 
dock signs); absence oi muscle atrophy; and absence of the reaction 
of degeneration. The motor loss which occurs as the result of a cere- 
bral lesion is in most instances hemiplegic in nature, although spastic 
monoplegias and diplegias also occur. In the hemiplegic type the arm 
is commonly much more affected than the leg, while the face is paretic 
in various degrees in different cases. 

The most common lesions which produce cerebral spastic paralysis 
are: (i) cerebral vascular accidents (hemorrhage, thrombosis, embo- 
lism • •-* ‘ ’ 'ms (tumors, abscesses); 

' • (4) traumatic lesions of 

, ‘ . * - the brain or its meninges 

(meningitis, encephalitis). 

Etiology.—VASCOTAK Lesions.— Ccrebtal vascular lesions rank 
nrst as the most common cause for all the hemiplegic states Following 
an arterial hemorrhage or an embolus the onset of symptoms is sudden 
and acute. The symptoms of a thrombosis are more gradual and in- 
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sidious in their development. H death does not occur during the first 
three weeks following a cerebral hemorrhage, improvement in me 
paralysis uniformly appears and may be progressive for many montns. 
Most frequently the leg will show the first signs of improvement and 
this is followed by the face, while the arm, being the most severe^ 
involved, is the last to show a return of function. At first the renexK 
are absent or greatly depressed and the muscles ® ^ 

limp and flaccid. Gradually the reflexes increase and 
exaggerated. Rigidity and stiffness appear m the paretic _ 

and foreshadow the contractures which will later 
tractures are always much more severe in the upper extrem ty 
the lower. The flexor muscles predominate over the 
arm, so that the fingers become drawn into_ the palm of t ■ 

wrist is strongly flexed, the forearm is fixed m pronation, a . • 

is semifiexed With all the joints thus flexed, the “ 
held close to the side of the chest. If the fingers, ^ j 
forcibly extended by the examiner and then > .-Lrj jn 

back into their former position. If allowed to remain u ® 

these attitudes, the joints become ankylosed, muscles and . 

come rigid and contracted, and deformities result whic P 
come irreparable. Passive manipulation of such an extre y i , 
painful to the patient. In the lower extremity rigidity of » 

develops in the position of extension. The knee is f. .yafus. 

there is a tendency for the foot to assume a position ol ^ . ._g 

Thus the distal segments of both the upper and lower 
affected to a greater degree. In the presence of r.(.Wic and 

the limbs are moved as a whole by the muscles of_ _? ;n;nts of 
shoulder girdles, with little or no motion of the individu 1 
the extremities. In walking the weight is carried upon tn cwune 
and by the trunk and pelvic muscles the paralyzed ^he 

forward, the toe dragging in an arc-like course around the 
unaffected foot. This is the typical “circumduction’ gait o 
plegic patient. . i. d in the 

Evidence of circulatory disturbance may be quite mar 
paralyzed arm or leg. At first the limb appears red and cyan ' 
spiration may be profuse; the skin may become soggy and ma 
Growth changes may appear early in the hair, nails and ski • _ 

tually the skin temperature of the affected extremities is *^H.. , 
than that of the unaffected side, so that the weakened extremi 
actually feel cadaveric to the touch. While trophic changes m m 
stages of a hemiplegia are not common, an acute decubitus 
develop any place on the affected side, especially as the result f 
longed pressure, and ulceration in the palm may occur uo 
severe pressure of the nails of the rigidly flexed fingers,^ hows a 
muscles atrophy it is because of disuse. Electrical examination ® 
normal reaction of the muscles and peripheral nerves to the la 
and galvanic currents. _ hfcome 

The paralyzed hand may suddenly open or the spastic leg oe 
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flexed, quite independently of any voluntary effort. Following such 
instinctive actions as yawning, sneezing or stretching, the entire upper 
extremity may be raised over the bead. Or, if the patient attempts to 
close and open the sound hand, similar abortive movements may occur 
on the paralyzed side. These associated movements and certain athe- 
toid phenomena must be evaluated properly to avoid the false assump- 
tion that they signalize the return of voluntary movement in the para- 
lyzed limbs. 


SpACE-Occupv^NG Lesions. — ^The paralyses which develop as the 
result of intracranial tumors or chronic abscesses are also of the upper 
motor neuron type. However, if they are small enough, or well enough 
localized to one small functional area of the cerebral corte.x, they may 
involve only one e.xtremity upon a side. i\Joreo\'er, the development of 
the paralysis is more gradual, and quite frequently the patient is able 
to trace the successive involvement of the face, arm and leg. In contra- 
distinction to the hemiplegia caused by vascular accidents, the in- 
\’olved extremities rarely exhibit the initial stage of flaccidity because 
the onset of the paralysis Is usually less acute. However, in the pres- 
ence of a tumor or an abscess the muscles are ordinarily spastic and 
rigid from the beginning. An e.xceplion to this may be made in the 
uncommon event that a sudden hemorrhage occurs within a tumor 
mass. The resultant massive insult to the cerebrum may then be so 
great that a flaccid hemiplegia or monoplegia results, later becoming 
spastic. Commlsive seizures in the involved extremities (of localizing 
value), or repeated tonic spasms, are common irritative phenomena 
which accompany intracranial space-occupying lesions. In all other 
respects the paralyzed extremities exhibit the same characteristic 
symptoms that have been described in the more acute hemiplegic state. 

The surgeon who successfully removes an intracranial tumor which 
has produced a hemiplegia has only partially fulfilled his obligation to 
the patient. Every possible means should be exhausted in the attempt 
to restore the use of the arm and leg by the many possibilities of 
phj-sical therapy. 


Ceredral Palsies of Childhood. — Spastic diplegia (also called 
Little’s disease) is the most common form of congenital cerebral paral- 
ysis,^ although hemiplegias and monoplegias also occur. In the hemi- 
plegic or quadriplegic tj-pes the arms are commonly affected more 
severely than the legs. Jlore frequently than not such a condition is 
associated with a mental defect or with epilepsy. The severe forms are 
obvious at birth, but milder cases may not show definite symptoms 
before the age of six or seven months. Grossly the brain is usually 
small, and there is sclerosis and cortical atrophy on one or both sides 
in Collier’s words, it is a “small, primitive type of brain, destitute of 
neurones.” ^ 


In some children suffering from this condition the rigidity and soas- 
ticity are so great that the extremities present a lead-pipe resistance to 
passive movements of any sort. The spasticity in the lower “trem“i'° 
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tends to flex the hips and knees, and to adduct the thighs until the 
knees are held so close together that it is difficult to bathe and dress 
the patient. If the child is placed in a chair, the rigid lower limbs 
remain unsupported in a horizontal position. When the patient is 
placed upon his feet, the legs cross, the heels fail to touch the floor, 
and walking is impossible. As the child grows older there is a tendency 
for the development of an equinovalgus or equinovarus as well as a genu 
valgum. Some patients manage to keep the feet widely separated so that 
a shuffling gait, with toes scraping along the floor, is accomplished. In 
the milder forms of the disease the patients exhibit only slight spas- 
ticity of the legs, so that there is only a tendency to walk on the toes. 

Many such children develop involuntary athetoid or choreoid move- 
ments in the hand, usually from nine months to two years after the 
onset of symptoms. Such movements become very complex and may 
be intensified and accompanied by involuntary grimacing upon volun- 
tary attempts to move the limb. When the patient tries to 
object, the fingers are hyperextended and widely separated. The han 
approaches the object in a clumsy, slow, awkward, and poorly con- 
trolled manner. These movements may even become so serpentine tna 
the patient’s arm winds about his neck or back. In the majority o 
cases these vigorous involuntary movements appear only when stim- 
ulated by voluntary effort or by some emotional disturbance, ana 
though they are purposeless they are useful in keeping the musdes in 
good state of nutrition. Associated movements which occur when t 
paralyzed extremity attempts to follow the healthy limb are mo 
marked and bizarre in these cases than in the hemiplegias which h 
been described previously. ^ . ... 

Contractures in the extremities develop rapidly, just as in the spa 
paralysis due to vascular lesions, so that grotesque attitudes may 
result. The low mentality of the patients, and such complicating tac 
as blindness and epilepsy seriously influence the treatment, since c 
apy must be directed toward the mental state by special 
such a time as the brain can be assumed to have attained its full ana 
definitive development. 

Trauma. — The commonest forms of trauma to the 
gunshot wounds and depressed or comminuted fractures of fhe ® ' 

The former constitutes a common lesion in time of war, whi e 
latter is frequent in civilian life following automobile accidents, au" 
injuries, involving the motor cortex, cause a spastic paralysis that is 
usually hemiplegic or monoplegic in form, and indeed the injury may 
be so discrete in the brain as to cause quite an isolated paralysis 
some part of the body. Recovery from -the initial cerebral damage m 
this group of cases offers a good opportunity for the active treatmem 
of these patients by physical therapeuUc means. Here, again, the para^ 
ysis is of the .ipper motor neuron type, with spasticity of the invoiveu 
extremities and increased deep tendon reflexes similar to those seen m 
the lesions previously described. Failure to institute adequate treai- 



Etiology ii] 5 

ment results in the development of contractures and ankylosed joints 
which deform the extremity beyond hope of returning the individual 
to a useful position in life. Other injuries occurring at the same time 
as the cerebral trauma may require prolonged hospitalization, such as 
a fracture, or an osteomyelitis from a badly soiled compounded frac- 
ture, and contractures may even develop while such complications are 
being taken care of if physical therapy is not instituted at the proper 
time in the handling of the paretic extremities. 

The disabilities arising from these lesions are due to direct injury 
of the brain or occur as the result of subsequent infection. Early and 
thorough surgical treatment of these wounds with adequate debride- 
ment and primary closure affords the best method of securing rapid 
healing with a minimum of eventual motor loss. Of recent years the 
derivatives of sulfanilamide have been of great aid in controlling the 
infections which tend to develop in such wounds. The residual loss of 
function in traumatic lesions of the brain depends, of course, upon 
the exact site of the injury. It is not uncommon to observe complete 
paralysis of the upper and lower extremities as the result of an injury 
to the frontal or occipital lobes some distance from the motor cortex. 
One patient, J.A., was struck by an automobile and sustained a com- 
minuted skull fracture over the posterior parietal area, and when the 
wound was surgically cared for 35 or 40 grams of cerebral tissue, 
macerated and mixed with hair and street dirt, were removed from the 
wound, along with fragments of bone. The cortical injury was well 
posterior to the sensory area of the right cerebral hemisphere, yet the 
man suffered a paresis of the left side of the face and left upper ex- 
tremity with only slight loss of position sense in that limb. He later 
developed typical jacksonian seizures involving the left side of the 
face and the left arm. In such instances, however, unless there has 
been actual injury to the precentral area of the cortex, one may expect 
with some confidence to see a gradual disappearance of the paralytic 
symptoms. Immediate and severe paral3rsis, which is more commonly 
hemiplegic in character, results from direct injury to the motor cortex. 
At first this paralysis is flaccid with abolition of all reflexes. Soon, 
however, there is an increase of tone such as has already been de- 
scribed in the hemiplegic state. The deep tendon reflexes become in- 
creased, well-marked spasticity develops, and, if active treatment is 
not instituted, contractures and malposlures appear. 

Inflammatory Lesions. — ^\Vhen either an acute or low grade in- 
flammatory process becomes established in the meninges and subarach- 
noidal spaces of the brain there may result a spastic paralysis which 
in no way from that described following other cerebral lesions. 
While immediate recovery from meningitis Is now less problematicai 
than it formerly was, due to the use of sulfanilamide and its deriva- 
tives, it is not at alNuncommon to see paralytic sequelae follow recov- 
cry. This is also true ol encephalitis. The paralytic complications of 
uoth of these innammatory lesions are more common in children than 
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they are in adults. They are both accompanied frequently by convul- 
sive seizures which are commonly Jacksonian in type. These latter may 
be so frequent that a true status epilepticus develops. It is interesting 
to note that in these cases the cortical tissue may become very sclerotic, 
hard and firm, so that a ventricular needle is introduced ivith some 
difficulty and with the sensation of passing it through hard, sandy soil. 

Clinically, the children who have suffered from encephalitis and 
then develop spastic paralysis are much like those children who have 
had spastic palsy from birth. While the paralysis in the latter instant 
is more commonly due to hemorrhages (frequently of a wdespread, 
interstitial type) which occur during birth, the^ former paralysis may 
develop as the result of an infection at any time. In contrast a so, 
their mentalities may be quite normal. The spasticity of their extremi- 
ties and the deforming contractures of their hands and feet are simi a 
in all respects. 


TREATMENT OF LESIONS RESULTING IN MOTOR DYSFUNCTION 


The widespread feeling that recovery from the paralysis of a 
bral lesion was impossible has been responsible, to a great exte , 
the lack of concerted effort toward the continued treatment o 
patients. In 1915 Franz, Scbeetz and Wilson" called attention 
fact that the conclusions regarding tlie permanency of ije^ 

cerebral accidents were neither accurate nor based . j ug 

principles. They pointed out the striking improvement which co 
effected by careful and persistent attention to this group of cas . 

In general, the treatment of the paralysis ^^sulting from ce 
lesions may be divided into that which is used immediately 
which may be employed later in the course of the lesions. 

There is little doubt that complete mental and physical j 

prolonged period is one of the most important steps^ m the “ i 
of cerebral damage, regardless of its etiology. By rigid 
this treatment, the cerebrum may be ' ■ ■ 

cover its normal function as much as * ! 


accidents such a method of treatment ' . smU 

be a fatal recurrence. Good nursing, with careful attention 
of the back and buttocks, will prevent the development ijcg. 

sores which may be very difficult to heal and may impede the app 
tion of physical therapy. Attention to the bladder, which 
and overflow, will often prevent the extreme restlessness 
traumatic cerebral cases. The patient’s position must be changea^i 
quently, particularly the aged, if the development of “wet lungs 
frank pneumonia is to be avoided. Dehydrating agents, such 5 
cent sucrose administered Intravenously, should be used judicious y 
the acute phase of trauma or cerebral vascular accidents, as ^ 
after the surgical removal of certain tumors, in the effort to keep d • 
sw’clHng at a niinimum. Spinal punctures are useful in the ® ..jj 
of the treatment of traumatic lesions, and when done carefully 
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manometric control they not only dram off the bloody spinal fluid 
which acts as an irritant and causes restl^sness, but they also offer 
the best means possible of keeping patent the absorptive mechanism 
in the cerebrospinal fluid spaces, the arachnoidal villi. 

Paralyzed Extremity. — ^Thc adoption of measures to insure rest 
should in no way interfere with the early treatment of the paralyzed 
extremity. Gentle massage of the muscles of the involved e.xtremities 
should be instituted as early as possible after the shock of the original 
trauma has disappeared. This may be associated with mild faradism 
to provide gentle exercise of the muscles. The chief concern of the 
nurse should be to prevent the helpless extremities from remaining in a 
fixed position Often bedclothes are allowed to rest upon a paralyzed 
foot so that it is forced and held in a position of footdrop. A cradle 
which will keep the weight of the bedclothes off the extremity and yet 
will allow freedom of movement of the sound limb may be made very 
simply. Passive movements of all the joints and in all directions should 
be carried out very gently and should be repeated several times each day. 


Splints. — ^The employment of light but effective splints to correct 
the tendency of a segment of an extremity to assume a malposition is 
important. The heavy, permanent type of splints, however, may*do 
more harm than good. For example, the use of a light crinoline pos- 
terior molded splint which is well padded will be just as effective in 
keeping the foot in a correct position at right angles to the leg as will a 
heavy cumbersome plaster-of-Paris splint. As a matter of fact, pillows 
and sandbags may be used in a very effective manner to prevent de- 
formities. The important objects to be obtained are frequent changes 
of position and the prevention of overstretching of paralyzed muscles. 

Splints are not so satisfactory in old neglected cases of spastic paral- 
ysis as they are in cases of flaccid paralysis. However, they may be 
employed judiciously to help overcome long-standing deformities. Tem- 
porary splints should be devised which employ elastic tension, else the 
harm from oversplfnting may interfere seriously with their efficiency. 
Each splint should be constructed to meet the individual patient’s need 
and to help him obtain the most satisfactory results. An easy way in 
which to procure such simple splints, adapted to the special need of 
the patient, is to fashion them from sheet aluminum or other malleable 
metal with hand metal-cutting shears. Such splints, properly molded 
and padded, are quickly and inexpensively made. Here, again, how- 
ever, too much tension must be avoided, since it is undesirable to 
excite reflex muscle contractions which would defeat the ouroose of 
the splint. ^ 


\ OLUNTARY MOVEMENT.— As the patient begins to recover volun- 
tary power will return in the proximal muscles of the hemiplegic ex- 
tremity, and the increased tone of the muscles will be apparent At 
tms time the patient’s help must be sought. He should be told that the 
Ultimate degree of recovery of function depends to a great extent upon 
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they are in adults. They arc both accompanied frequently by convul- 
sive seizures which are commonly jacksonian in type. These latter may 
be so frequent that a true status cpilcpticus develops. It is interesting 
to note that in these cases the cortical tissue may become very sclerotic, 
hard and firm, so that a ventricular needle is introduced Avith some 
difficulty and with the sensation of passing it through hard, sandy soil. 

Clinically, the children who have suffered from encephalitis and 
then develop spastic paralysis arc much like those children who have 
had spastic palsy from birth, WTiile the paralysis in the latter instance 
is more commonly due to hemorrhages (frequently of a widespread, 
interstitial type) which occur during birth, the former paralysis may 
develop as the result of an infection at any time. In contrast, also, 
their mentalities may be quite normal. The spasticity of their extremi- 
ties and the deforming contractures of their hands and feet are similar 
in all respects. 

TREATMENT OF LESIONS RESULTING IN MOTOR DYSFUNCTION 

The widespread feeling that recovery from the paralysis of a cere- 
bral lesion was impossible has been responsible, to a great extent, for 
the lack of concerted effort toward the continued treatment of these 
patients. In 1915 Franz, Scheetz and Wilson - called attention to tw 
fact that the conclusions regarding the permanency of paralysis from 
cerebral accidents were neither accurate nor based upon 
principles. They pointed out the striking improvement which could oe 
effected by careful and persistent attention to this group of cases. 

In general, the treatment of the paralysis resulting from cerewat 
lesions may be divided into that which is used immediately and tnai 
which may be employed later in the course of the lesions. 

There is little doubt that complete mental and phpical . 

prolonged period is one of the most important steps in the f 

of cerebral damage, regardless of its etiology. By rigid enforcemen 
this treatment, the cerebrum may be given every opportunity to re 
cover its normal function as much as possible. Particularly in vascu 
accidents such a method of treatment will aid in preventing what njay 
be a fatal recurrence. Good nursing, with careful attention , 

of the back and buttocks, will prevent the development of decu | 
sores which may be very difficult to heal and may impede the applica- 
tion of physical therapy. Attention to the bladder, which may distenu 
and overflow, will often prevent the extreme restlessness exhibited m 
traumatic cerebral cases. The patient’s position must be changed fre- 
quently, particularly the aged, if the development of “wet lungs 
frank pneumonia is to be avoided. Dehydrating agents, such as 5® P, 
cent sucrose administered intravenously, should be used judiciously m 
the acute phase of trauma or cerebral vascular accidents, as well as 
after the surgical removal of certain tumors, in the effort to keep brain 
swelling at a minimum. Spinal punctures are useful in the early stages 
of the treatment of traumatic lesions, and when done carefully wim 
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It must be emphasized that the personal attention and cate of a 
trained physical therapist can never be replaced or improved upon by 
any kind of mechanical device. The therapist not only exercises pa- 
tience and human understanding, but is able to adapt herself and her 
physical agents much more to the patient’s needs than can ever be 
expected of a machine. The ideal combination, obviously, is composed 
of trained hands and good mechanical equipment. 

Active Movements. — Even though marked contractures are pres- 
ent in late neglected cases, usually active movements are possible, in 
some degree or other, in the affected extremity. The patient should be 
encouraged to practice these movements daily many times. It is often 
necessary to associate them with simple purposeful acts, so that the 
patient’s interest and enthusiasm may be held. Above all, he must be 
completely relaxed and at ease during these periods of practice. No 
attempt should be made to use a spastic muscle until it is relaxed. The 
patient should sit erect, but at ease, beside a table of correct height. 
The elbow and entire forearm of the flexed extremity should rest on 
the table. Relaxation of the elbow, wrist, and hand is then possible. 
It is common to observe a hemiplegic patient perform movements 
which he is wholly unable to repeat upon command or in the presence 
of strangers, but he must not be allowed to develop a defeatist attitude, 
and he must be told that failure to perform his exercises properly is 
no cause for discouragement. The tasks to be accomplished must be 
increased slowly and patiently, and he must be made to believe that 
his recovery depends largely upon his own attitude. 

The use of simple mechanical devices is perhaps the most valuable 
method of obtaining active exercise of muscles. This routine of muscle 
education should be planned to utilize and develop the intact residue 
to the highest degree of efficiency. Purposeful occupations and play 
center the patient’s attention upon his accomplishments rather than 
upon his disability. While the spastic patient may be able to perform 
given exercises, it is well to show him by means of occupational ther- 
apy that such movements may be quite practical. This is most impor- 
tant in cerebral palsies of childhood in which, of course, the treatment 
is limited in extent by the mentality of the child under treatment. 

While gross arm or leg movements may be accomplished rather 
quickly, the hands and fingers recover far more slowly and are more 
obstinate in their resistance to treatment. Franz and his co-workers 
found that one of the simplest and most effective exercises was to have 
the patient attempt to open the fingers after a ball was placed in the 
hand. An elastic rubber ball is perhaps the best such object to use. 
At first this act may be almost impossible, but soon the patient may 
be able to perform such a movement and pick up the ball as well. The 
time required to grasp and release a ball may be used as an accurate 
record of the patient’s progress. Attempts to draw a straight line with 
a pencil; to sort colored glass beads; to arrange wooden blocks- to 
solve Jigsaw puzzles; to use a fan (this develops pronation and supina- 
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his enthusiastic and persistent co-opcration. He must not be allowed to 
lie in bed with the paralyzed arm flexed and folded across his chest. 
He should place it away from his body, fully extended, and with the 
hand supinated. As passive movements arc instituted, he should be 
asked to attempt each individual movement with each performance 
and to hold the segment in the position into which it has been moved 
passively. The arc of the movcmenl should be completed each time a 
passive movement is employed* 

The patient should be closely directed from the beginning of the 
return of the first voluntary' niovcmcnt. The tendency is for him to 
keep repeating that particular movement to the exclusion of all others. 
He should be taught to attempt new mov’cmcnts and to persist in those 
attempts whetlicr or not they arc at first attended by success. It is well 
for him to practice simple, purposeful movements such as he would 
ordinarily perform in his daily duties, such as dressing himself, han- 
dling his owTi food at table, writing, and receiving objects of various 
kinds into his hands. The ability to keep him from becoming discour- 
aged may account for success or failure, and if his movements accom- 
plish a purpose his interest and courage will be maintained. 


^lASSAGE, ViDRATiON, Heat. — I n spitc of the most carefully directed 
methods of early treatment in cases of upper motor neuron paralysis, 
spasticity and rigidity of the muscles will tend to develop because of 
the inherent nature of the lesion. Consequently, more strenuous metn* 
ods of treatment to prevent deforming contractures and joint ankylosis 
will become necessary. 

Unfortunately, most patients who have received cerebral 
present themselves for treatment after spastidiy and rigidity oi mo 
muscles and deforming contractures have developed. In the presence 
of marked spasticity, incorrectly employed massage not only 
useless but may increase the rigidity. Spastic extremities ^hibit 
heightened reflexes. Knee and ankle clonus may be elicited by the 
slightest stimulus. The lightest touch to the lower extremity at apy 
point may produce a marked withdrawal defensive reflex of the entire 
limb. Therefore, massage should be very light and should consist more 
of stroking than of rubbing. Franz was able to reduce the hyper 
tonicity considerably by vibration. In this maneuver the hand is 

... - ntly until a distinct loosen- 

■ ■ ■ ■ . : . t before massage is begun 

. ' f hypertonicity, but in our 

• •’ warm, whirlpool bath has 

ueen moie eneciiye. However employed, heat improves the circulation 
to these extremities which are colder than the normal limb. , , 
Because of the increased reflex activity in these limbs, electrica 
stimulation of the muscles in the late stages of treatment is, in genera , 
contraindicated. If mild faradization can be used without exciting reflex 
rnovements of the muscles, it may help to proidde active gentle exer- 
cise for the muscles which are inactive 
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ning, the patient must be encouraged to practice assembled and co- 
ordinated exercises designed to teach him the proper way to walk. He 
must not be allowed to walk in the manner easiest to him (circum- 
duction of the entire leg, without flexion of the hip or knee) without 
making an effort to correct it. He should not be allowed to watch his 
feet, in order that he may more quickly reflexly control his balance. 
He should be made to support his own weight and maintain his own 
balance as completely as possible. Rubber-soled shoes and a rubber 
cap on his cane will add greatly to his feeling of security. 

Passive Movements. — Passive movements of all joints should be 
performed patiently and carefully by someone trained in such work 
and who has a knowledge of the anatomic parts involved. These move- 
ments may be quite painful at first and therefore must never be done 
in a violent manner, and force and determination cannot be used to 
overcome a spastic muscle. At the same time the patient must be 
taught to perform passive movements by himself with the aid of his 
sound extremity, and this he can do while sitting quietly alone without 
other occupation. In this manner the joints may be kept supple, so 
that when active attempts are made the joints can be moved. 

Report of Cases. — The following brief report of two cases will 
serve to illustrate the problems which one encounters and the results 
which may be obtained in the treatment of this group of patients. 

W. R. (Fig. i),aged 40, fell off a fast-moving truck and struck his head upon 
the concrete pavement. There was an “egg-shell” fracture of the right parietal 
bone. The patient was unconscious for twelve hours. When he recovered 
from his coma, complete flaccid paralysis of the left arm and leg was observed. 
Eighteen hours later the lower half of the left side of the face ^vas involved. 

It was felt that there were no surgical indications present. The patient was 
treated by hypertonic solutions. The period of flaccidity remained for ten 
days before a gradual increase in tone was noted. During this time gentle 
massage of the arm and leg was given as well as passive movements of all the 
joints. The left foot was kept at right angles to the leg by the use of sandbags 
and pillows 

As spasticity developed, the arm tended to flex across the chest. This was 
«pt abducted and extended by the use of sandbags and pillows at night. 
During the day passive movements were carried out in all of the joints 
throughout their entire range of movement. At the same time the patient 
was encouraged to attempt the same movement \x>Iuntarily. 

The first return of voluntary movement ^vas noted in the face after three 
weeks and this was followed rapidly by mowments of the upper arm and then 
by movements of the fingers. Active movements of the leg returned last of all 
because the motor cortex near the verte.x was contiguous to the site of the 
fracture. When the patient was able to be out of bed after six weeks, definite 
purposeful exercises were instituted for the arm and leg. Graduated exercises 
and persistence with determination on the part of the patient resulted in a 
most satisfactory return of function after a few months, so that the patient 
able to return to a normal life with a minimum of permanent 
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Fic I — Pobttraumatic hemiplepk patient after sie months of „ »eks^aftef 

therapy He was able to walk when discharged from the hospital seven » motion, 
injury, and for over six months he was treated by massage, active Passi' jjnt, 
and graduated re-educational exercises When last seen, eleven years alter ms 
be was entirely well except for a slight residual spasticity in the left hand. 


tion) ; to “climb” a small wooden ladder with the fingers; and 
needle and thread, are several simple methods of developing sm 
coordinated movements of the upper extremity. Similar simple, 
exercises may be devised to re-educate the muscles of the lower 
tremity. No attempts to move the lower limb should 
when the patient is not at ease and well balanced. From the oeb 
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various types of aphasia or of the anatomic location of the cerebral 
lesions responsible. Many simple exercises may be devised to re- 
educate these patients, based upon the description of the various types 
of aphasia given by Head.® 

Verbal Defects. — “In severe forms of this disorder the patient’s 
utterance may be reduced to ‘yes’ and ‘no’ and even these words can- 
not always be evoked or voluntarily used. As speech returns, his vocab- 
ulary increases, but his enunciation is slow and halting. Any word he 
is able to recall can, however, be used for naming an object. It may 
be so badly pronounced that it is scarcely recognizable, but it is applied 
correctly. When the patient attempts to repeat what has been said to 
him, the articulatory words are imperfect, although he can usually 
repeat more words than he can pronounce spontaneously. It is charac- 
teristic of this form of aphasia that words are evoked with difficulty 
and tend to be abnormal in structure. 

“At first the comprehension of verbal significance may be somewhat 
impaired. But, after the stage of neural shock has passed away, the 
power of understanding the meaning of words is rapidly restored; 
these patients can not only choose an object to oral or printed com- 
mands but even complex orders may be executed correctly. 

“The power of reading to themselves with enjoyment is spoilt by 
difficulty in remembering a series of words accurately; they are fre- 
quently compelled to look back to the beginning of a long sentence in 
order to obtain its full meaning. On the other hand, reading aloud is 
hampered by the same defects as articulatory speech. 

“As the spoken vocabulary increases, the power of writing is re- 
gained, although throughout it tends to show the same errors as 
articulator speech These patients cannot spell and find difficulty in 
remembering the order of the letters, even in simple words. They write 
more easily to dictation, but are unable to carry in the memory a 
string of words or a long phrase. Ability to translate printed words 
into cursive script, though at first diminished, is as a rule rapidly 
recovered.” 

Syntactical Defects. — ^“This is an easy form to distinguish, be- 
cause the patient tends to talk jargon. Not only is articulation of the 
"’®rds^ ill-balanced, but the rhythm of the phrase is defective, and 
there is want of ^ammatical coherence. The power of naming objects 
may be retained in spite of the gross defects by which speech is ham- 
P^ed. Not infrequently, when the patient cannot utter a name, or 
ii'hen the sound emitted is incomprehensible to his auditor, he wTites it 
correctly, proving that he is familiar with the usual designation -of 
the object. 

“Comprehension of the meaning of \vords is always in excess of their 
use in conversation. These patients can choose common objects or 
cotors Without fail to oral commands in the form of a single word* if 
nowever, the order is conveyed in a spoken phrase, it may not be 



Fic, a^Photograph of a fibroblastic mcninuloma, vvpichine p8 prams, 
the ripht frontoparietal area of the cerebral corlcs in fl man with a r‘ 

hemiplesh. FoUowinp its removal, physical therapy was instituted and In less iwn nv® 
months the man was restored to his former occupation as manaper of a snoe « 

L. W., aged 33, was operated upon and a fibroblastic menlnglonia (Fig 0 » 
weighing 98 grams, was removed from the right cerebral hemisphere^ tn 
rnotor cortex lay directly under the tumor, as was attested by the patients 
history of epileptiform seizures and left-sided weakness. Following total re- 
moval of the tumor the patient was in every way improved except that 1 
motor weakness was somewhat increased and with it there 1 

of the muscles which appeared within a few days postoperativ y 
Though the patient was at first not co-operative and disliked any , 
passive manipulation, physical therapy treatments were started 
could be taken to the physical therapy department of the hospital, 
neat, massage, passive and active exercises rvere instituted ivith 3 

success With continued urging the patient stopped favoring the leu 
purposeful movements, gained sufficient confidence to 
with less support, using a cane, and became able to swing the 
extremity at his side when walking with all normal associated 
In this man s case, not only was good physical therapy reeded and usee, 
a proper mental attitude and understanding of the problem had to be 
developed within the patient himself, and with each little improvement Sis 
enthusiasm mounted. 

Speech Defects — ^Lesions of the left cerebral hemisphere in right- 
handed individuals, or of the right cerebral hemisphere in Ieft;ha«ded 
individuals, may be accompanied by aphasia. This is particularly char 
acteristic of vascular lesions and is less common in intracranial tumms 
or following trauma. It is unnecessary to enter into a discussion of t 



Motor Dysfunction ii] 

elation of meaning and inability to evoke a desired name; both internal 
and external speech suffer as a secondary result. 

“Such patients read with extreme difficulty both to themselves and 
aloud, especially if they attempt to spell out the words. Single letters, 
even if correctly enunciated, frequently fail to convey their full nom- 
inal significance. Printed orders are badly executed; but to read them 
aloud is a decided aid to their correct performance. 

“Both the act of writing and the power of conveying the intellectual 
content of ideas, evoked spontaneously or in response to something 
heard or read, are greatly affected. Writing to dictation shows the 
same calligraphic faults, although the subject matter is somewhat bet- 
ter reproduced, and, in the severe forms, these patients slavishly copy 
printed or cursive letters, but cannot consistently translate print into 
ordinary handwriting. 

“They can usually count, but suffer from defective appreciation of 
the meaning of single numbers. This interferes with the power to carry 
out simple arithmetical operation, and capacity to formulate the rela- 
tive value of two coins, or to calculate change, is usually more or less 
affected. Games, such as cards, which demand rapid and correct recog- 
nition of names and power to register a score, are impossible. On the 
other hand, chess, draughts, and dominoes may be played correctly. 

“Drawing from a model, or from memory after the object has been 
removed from sight, is easily performed. But, when the patient is 
asked to draw some such figure as that of an elephant from imagina- 
tion, the result is extremely unsatisfactory; all the distinctive features 
are usually omitted. 

“He can usually find his way from place to place so long as dis- 
tinctive landmarks are in sight; but he may have considerable diffi- 
culty in planning his route beforehand, or in describing the salient 
objects he would meet on his journey. One of the most instructive 
forms assumed by the loss of function in these cases is the want of 
ability to draw a ground plan of some familiar room. Asked ‘Where 
IS the table?’ or ‘Where is the window?’ he can point to the situation 
of each correctly; but he cannot express their relative position in the 
abstract form of a ground plan. Moreover, he tends to slip into an 
attempt to express the principal pieces of furniture in elevation, evi- 
dently reproducing his concrete visual images.” 

Semantic Defects. — “This form of aphasia is characterized by 
Want of recognition of the ultimate significance and intention of words 
and phrases, apart from their direct meaning. But other functions 
suffer that have no immediate bearing on verbalization; for in this 
form of disordered speech there is loss of power to appreciate or to 
formulate the general conclusion of a connected train' of thought. The 
patient'may understand a word or short phrase, and can appreciate 
me various details of a picture, but the significance of the whole 
escapes him. Thus, although he comprehends the meaning of ‘summer’ 
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understood correctly. In daily intercourse they suffer from inability to 
recall with certainty what (hoy have been told; not only is phrasal 
utterance defective, but phrasal memory is transitory. This makes 
consecutive conversation difficult or impossible, and leads to an appar- 
ent slowness of apprehension. 

^ “Such patients can understand what they read to themselves, pro- 
vided they are not compelled to reproduce the meaning in words, either 
silently or aloud; for their internal speech is also disturbed by jargon. 

“Single words may be written correctly, but any attempt to convey 
a formulated statement in writing is liable to end in confusion. Patients 
suffering from the more severe degrees of this affection cannot write a 
letter; but in slighter cases writing is easier than articulatory speech, 
and all of them can copy correctly, transcribing print into cursive 
handwriting. 

“Counting and the use of numbers is not materially affected, except 
that the pronunciation of the actual numerals is liable to be defective. 
There is no difficulty with the mampulalion of money, or in giving 
the names and relative value of coins. 

“These patients can understand the full meaning of pictures, but 
they are greatly hampered by their jargon, if they attempt to convey 
to others or silently to themselves what they have gathered. They are 
able to draw, unless misled by defective verbalization, and can often 
produce an accurate ground plan of some familiar room. ^ 

“This disorder is essentially one of balance and rhythm in symbolic 
expression, and syntax suffers greatly. The patient has plenty of 
but their production Is ataxic, and they are strung together 
the usual connecting links. This leads to jargon and renders difncuU 
even internal formulation o! words and their meaning.” 


Nominal DEFEcTs.~“This is essentially a loss of power to use 
names and want of comprehension of the nominal value or meamoS ° 
words and other symbols. Not only does the patient fail to name 
objects placed in front of him, but, when asked to point to one of them 
named aloud or in print, the choice, even if correct, is made slowly 
and With effort. 

There is no lack of words and, if the patient is intelligent, ho 
evokes ont after another, all more or less aptly associated with the 
name or expression he is trying to discover. He frequently employ 
some descriptive statement, such as *what you cut Nvith’ for scissors, 
or, m the case of color, may indicate how it is composed or the circum- 
stances under which it is used Verbal structure may suffer 
the struggle to find the right word, but repetition is not materially 
affected; provided they are presented in articulated form, the sounds 
can be reproduced correctly. The essential defect is inability, to ht a 
name to an object or an object to a name, to recognize the differenc 
beuveen words of contrasted ^gmficance and to execute promptly ora 
and printed commands. This disorder is mainly due to defective appr®' 
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ciation of meaning and inability to evoke a desired namej both internal 
and external speech suffer as a secondary result. 

“Such patients read with extreme difficulty both to themselves and 
aloud, especially if they attempt to spell out the words. Single letters, 
even if correctly enunciated, frequently fail to convey their full nom- 
inal significance. Printed orders are badly executed; but to read them 
aloud is a decided aid to their correct pefformance. 

“Both the act of writing and the power of conveying the intellectual 
content of ideas, evoked spontaneously or in response to something 
beard or read, are greatly affected. \Witing to dictation shows the 
same calligraphic faults, although the subject matter is somewhat bet- 
ter reproduced, and, in the severe forms, these patients slavishly copy 
printed or cursive letters, but cannot consistently translate print into 
ordinary handwriting, 

“They can usually count, but suffer from defective appreciation of 
the meaning of single numbers. This interferes with the power to carry 
out simple arithmetical operation, and capacity to formulate the rela- 
tive value of two coins, or to calculate change, is usually more or less 
affected. Games, such as cards, which demand rapid and correct recog- 
nition of names and posver to register a score, are impossible. On the 
other hand, chess, draughts, and dominoes may be played correctly. 

“Drawing from a model, or from memory after the object has been 
removed from sight, is easily performed. But, when the patient Is 
asked to draw some such figure as that of an elephant from imagina- 
tion, the result is extremely unsatisfactorj'; all the distinctive features 
are usually omitted. 

^ “He can usually find his way from place to place so long as dis- 
tinctive landmarks are in sight; but he may have considerable diift- 
culty in planning his route beforehand, or in describing the salient 
objects he would meet on his journey. One of the most instructive 
forms assumed by the loss of function in these cases is the want of 
ability to draw a ground plan of some familiar room. Asked ‘Where 
is the table?’ or 'Where is the window?’ he can point to the situation 
of each correctly; but he cannot express their relative position in the 
abstract form of a ground plan, bloreover, he tends to slip into an 
attempt to express the principal pieces of furniture in elevation, evi- 
dently reproducing his concrete visual images.” 


Semantic Defects. — “This form of aphasia is characterized by 
want of recognition of the ultimate significance and intention of words 
and phrases, apart from their direct meaning. But other functions 
suffer that have no immediate bearing on verbalization; for in this 
form of disordered speech there is loss of power to appreciate or to 
formulate the general conclusion of a connected train of thought. The 
patient may understand a word or short phrase, and can appreciate 
tne various details of a picture, but the significance of the whole 
escapes him. Thus, although he comprehends the meaning of ‘summer’ 
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and ‘time/ and knows that ^summer lime’ has something to do with 
the ‘Daylight Saving Act/ he is unaWc to say if the clocks are put 
fonvard or back when it begins. He can carry out a maneuver where 
each action suggests the next, but fails to do so if he is complied to 
formulate it to himself as a whole and is unable to bear in mind with 
certainty the final goal towards which his efforts are directed. 

“He has no difficulty in forming words and can repeat what is said 
to him. But in general conversation his sentences lend to trail arvay 
aimlessly, as if he had forgotten what he intended to say. If he is toW 
some simple story and is asked to reproduce it by word of rnouth or 
in writing, many essential elements may be omitted; this occurs to an 
even greater degree after reading it to himself silently. He cannot 
retain the total conception of its meaning, which is necessary for per- 
fect narration. He may be able to enumerate the details one by one 
correctly, provided he is allowed to mention them in any order as 
they may happen to recur in his memory; but his knowledge is episodic 
and is not co-ordinated by a general logically e.vpressed formula. 

“The clock tests, reveal the nature of this disorder in a sinking 
manner. The patient confuses the txvo hands, docs not know how w 
approach the task of setting them to oral or printed commands, a 
forgets the meaning of ‘past’ and ‘to’ the hour. Even direct 
on one clock of the time shown on another may lead to conmsjon; i , 
whatever the form assumed by the test, the patient is liable ^ 
understand the intention of what he is asked to do. On the other nan » 
except in the gravest cases, he has no difficulty in telling the time, p 
vided he is allowed to keep the clock in sight until he has giv 
his answer. , a 

“Such patients can write, but the result tends to be inaccurate an 
confused. Although spelling may be careless and the letters 
formed, semantic defects are more liable to disturb the “ 

content and logical sequence of what is written than its verbal lor . 
Not infrequently the written account of a set of ideas arising ' 
taneously, or suggested by something the patient has heard 0^^^/ 
trails away aimlessly just like the spoken narration of the same o^et • 
The power of reproducing a logical and orderly sequence suffers m 
severely than the direct act of writing. , 

“Counting is possible, and the actual value of numbers and coii 
may be recognized correctly. But the patient becomes confused n n 
is asked to state the relative value of two pieces of money; m oany 
life he finds profound difficulty in calculating the price of an aruo 
he has purchased, although he remembers how much he has expenaeo. 
Arithmetical operations, such as addition and subtraction, are ‘:arne 
out uncertainly and with difficulty, because the nature of such mam 
ematical processes is incomprehensible. 

“Such patients fail to understand jokes which demand compiew 
comprehension of printed words or pictures. They cannot play cm 
games, draughts, or dominoes; nor can they put together purzies, 
which confuse them greatly. 
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“Drawing, even from a model, shows considerable loss of general 
constructive power. These patients do not, as a rule, block out the 
drawing, but tend to begin at some one point and follow round the 
outline of the object detail by detail; (his weakness of design is also 
evident when they try to reproduce it from memory. Attempts to draw 
an elephant usually end in confusion and occasionally the marks on 
the paper do not correspond to a coherent figure of any kind. 

“None of this group could draw a plan spontpeously of a room with 
which he was familiar; unimportant details might be filled in, though 
salient features, such as the windows and doors, were omitted. This 
is not due to lack of memory of details, but to want of power to unite 
them into a coherent whole. For if I drew an outline plan and indicated 
upon it the position of each object as the patient pointed it out to 
me, he could subsequently reproduce this plan without fail. 

“These patients are completely unable to find their way alone; they 
do not take their bearings and fail to recognize landmarks, or to 
appreciate that they are passing over ground that should be familiar. 
They do not know which way to turn, and if they chance to cross to 
the opposite side of the road become confused, ignorant in which 
direction to walk. 

“Semantic disorders interfere seriously with the activities of daily 
life. The patient finds difficulty in collecting the subjects required to 
set the table for a meal, in adjusting the complexities of a military 
belt, or in putting together the different parts of a piece of furniture 
he has constructed. Such defects render him useless for any but the 
simplest employment; yet his memory and intelligence may remain on 
a relatively high plane. He does not forget people and places and his 
power of remembering detail is sometimes remarkable. He can recall 
spontaneously events both recent and remote and may be able to fur- 
nish valuable information with regard to his disabilities. It is not 
‘memory’ that is affected, but the power to co-ordinate details into a 
general formula for external statement. 

“The tendency to confusion and want of comprehension of what is 
going on around them leads these patients to seek solitude and to shun 
their fellows. In some instances this produces an odd form of behavior 
or even a definite psychosis.” 

The full direct quotation from Head’s description of these disorders 
of speech has been given purposefully. It would be needless repetition 
to call attention to possible methods of re-educating these patients 
after they have been so clearly pointed out by Head It should be em- 
phasized that they are simple and can be carried out daily by the 
interested and intelligent co-operation of relatives. 


treatment or lesions resvltinc in sensory disability 
Vascular lesions of the cerebrum which involve the posterior limb 
of the internal capsule are characterized by a spastic hemiplegia which 
^ hemianesthesia upon the same side as the motor 
aystunction. Intracranial tumors which involve the parietal lobe that 
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and ‘time/ and knows that 'summer time’ has something to do with 
the ‘Daylight Saving Act,* he is unable to say if the clocks are put 
forward or back when it begins. He can carry out a maneuver where 
each action suggests the next, but fails to do so if he is compelled to 
formulate it to himself as a whole and is unable to bear in mind with 
certainty the final goal towards which his efforts are directed 
“He has no difficulty in forming words and can repeat what is said 
to him. But in general conversation his sentences tend to trail away 
aimlessly, as if he had forgotten what he intended to say. If he is told 
some simple story and is asked to reproduce it by word of mouth or 
in w'riting, many essential elements may be omitted; this occurs to an 
even greater degree after reading it to himself silently. He cannot 
retain the total conception of its meaning, which is necessary for per- 
fect narration. He may be able to enumerate the details one by one 
correctly, provided he is allowed to mention them in any order as 
they may happen to recur in his memory; but his knowledge is episodic 
and is not co-ordinated by a general logically expressed formula. 

“The clock tests, reveal the nature of this disorder in a 
manner. The patient confuses the two hands, does not 
approach the task of setting them to oral or printed commands, a 
forgets the meaning of ‘past’ and ‘to’ the hour. Even direct 1 

on one clock of the time shown on another may lead to *•.’ 

whatever the form assumed by the lest, the patient Js liame to m • 
understand the intention of what he is asked to do. On ^ ' 

except in the gravest cases, he has no difficulty in telling the P * 

vided he is allowed to keep the clock in sight until he has giv 

his answer. . j 

“Such patients can write, but the result tends to be 
confused. Although spelling may be careless and the letters K 

formed, semantic defects arc more liable to disturb the 
content and logical sequence of what is written than its verbal • 
Not infrequently the written account of a set of ideas arising spo 
taneously, or suggested by something the patient has heard j' 
trails away aimlessly just like the spoken narration of the same oDje • 
The power of reproducing a logical and orderly sequence suffers mo 
severely than the direct act of writing. , .-g 

“Counting is possible, and the actual value of numbers and coi 
may be recognized correctly. But the patient becomes confused n 
is asked to state the relative value of two pieces of money; m 
life he finds profound difficulty in calculating the price of an aru 
he has purchased, although he remembers how much he has ‘-i 
Arithmetical operations, such as addition and subtraction, 
out uncertainly and with difficulty, because the nature of such mai 
ematical processes is incomprehensible, !_»- 

“Such patients fail to understand jokes which demand ^ompie 
comprehension of printed words or pictures. They cannot play 
games, draughts, or dominoes; nor can they put together puzz» ' 
W’hich confuse them greatly. 
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atonia are the most outstanding Simptoms of cerebellar disease. Volun- 
tary movements may be performed with excellent motor power but 
with marked incoordination and loss of the ability to measure accu- 
rately the range of movement. In general, lesions of the cerebellar 
hemisphere give rise to symptoms in the extremities, while the vermis 
of the cerebellum exercises a control over the trunk movements. How- 
ever, not too much dependence must be placed in the exact localizing 
value of clinical signs, for very frequently a lesion quite discretely 
placed within one hemisphere may by its symptoms lead one to diag- 
nose a midline tumor, and xdce versa. 

The affected limbs show a definite decrease of muscle tone and are 
flaccid and rather flaillike. The hand and fingers or the foot may be 
dorsiflexed or plantar fle.xed to an abnormal degree. If the forearm is 
held fixed at the elbow, it may be shaken so that the hand flaps about 
like a loose appendage. If the forearm is flexed strongly against resist- 
ance which is removed suddenly, the hand may be jerked toward the 
patient’s shoulder with a grossly uncontrolled movement. This loss of 
^eck refle.xes may be demonstrated in the upper and lower e.xtremities 
in a variety of w’ays. If, for e.xample, the knee reflex is obtained with 
the patient sitting and the lower leg dependent, the initial jerk is fol- 
lowed by many repeated oscillations before the leg finally comes to 
rest. Attempts to perform rapidly alternating movements with the 
hands are characterized by large, awkward, incoordinated movements 
upon the affected side. 

Likewise, the tests for dysmetria or asynergia are characteristic of 
cerebellar dysfunction. If the patient attempts to place his forefinger 
on the tip of his nose with his eyes closed, the affected extremity 
misses the mark m'dely or there is a coarse ata.vic tremor present at 
the end of the movement. The same loss of the ability to measure a 
movement may be sho^^'n by the test w’hich requires the patient to 
place the heel of one foot upon the opposite knee, with the eyes closed. 

The atonia and asyner^a are e:^ibited in the drunken, swajung 
gait of the patients with cerebellar disease. The ability to balance 
themselves may be markedly affected. This may be tested by ha\ing 
the patient stand on one foot alone and unsupported. With the affected 
extremity raised, he will be totally unable to balance himself, and the 
affected extremity will describe large awkward arcs as he attempts to 
maintain his equilibrium. On the contrary, when he stands on the 
affected e.vtremiiy wdth the sound one raised, he is able to balance him- 
self much better. 

In lesions w’hich affect the vermb of the cerebellum, the patient may 
be wholly unable to sit erect, unsupported. The entire upper body may 
pitch fonvard, backward, and laterally in the attempt to remain 
upright. 

Attention has been called to these signs and svmptoms of cerebellar 
Qi'sfunction because they point out quite simply and effectively the 
methods to be used in re-education. It must be emphasized that there 
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is, posterior to the central sulcus, prorluce sensory disturbances. This 
is also true of traumatic lesions which involve the same portions of the 
cerebral cortex. 

All of these sensory changes differ considerably from those which 
accompany spinal cord or peripheral nerve lesions. Usually there is no 
gross loss of sensation in the sense of an absolute analgesia or anes- 
thesia. There may ho slight, if any, change in the patient’s ability to 
appreciate tactile, painful, or thermal stimuli. Rather, he may describe 
them as unnatural and be unable to localize accurately the site of 
the stimulus. 


On the contrary, such a patient is unable to appreciate the sense of 
position or small movements of a segment of the limb. We have 
recently observed t^vo patients with verified gliomas situated deep 
within the parietal lobes, and both complained of an inability to place 
themselves accurately in space. No doubt a part of this feeling of dis- 
sociation from spatial limits was due to an e.xisting homonymous hem- 
ianopsia. The patient may be unable to recognize the size, shape, 
weight, or consistency of objects. 

^ If the lesion involves the optic thalamus, the threshold for the recep- 
tion of painful and thermal stimuli may be lowered greatly. The 
response is grea*’- . * », that acute pain and 

suffering may res • •• • • ' This type of paroxysmal 

pain . . : •. treatment. 

While trophic ulcerations of the skin, characteristic of peripheral 
nerve lemons, are not present in cerebral lesions, the impaired circula- 
tion 01 the skin predisposes to decubitus lesions. Cleanlinbs, dryness, 
and the use of ultraviolet light on the skin are excellent prophylactic 
measures which may be employed when a patient is confined to his bed 
for a considerable period of time. 

The re-education of sensory function may be undertaken upon the 
same lundamcntal principles already outlined for the treatment of 
motor disability. The patient may be taught to pick out various-sized 
coins or other objects upon command with his eyes closed. He may 
practice touching various parts of his body with the forefinger mth 
ms eyes closed. In a similar manner he may re-educate his sense of 
the appreciation of the shape of square, triangular, or rectangular 
I’- textures of pieces of doth may be used for 

vf Here, again, all of these simple exercises may 
be multiplied many times and all of them may be carried out daily m 
the patient s home, ^ 
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causes of cerebellar dysfunction are fntracrani 
duce direct cranial fossa and traumatic lesions which pr 

^^ntomfnn th? ° Cerebellum. Whereas cerebral lesions produ 
cSSetSLed •'’<= body, cerebellar lesions a 

y ipsilateral signs and symptoms. Asynergia m 
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atonia are the most outstanding symptoms of cerebellar disease. Volun- 
tary movements may be performed with excellent motor power but 
with marked incoordination and loss of the ability to measure accu- 
rately the range of movement. In general, lesions of the cerebellar 
hemisphere give rise to symptoms in the extremities, while the vermis 
of the cerebellum exercises a control over the trunk movements. How- 
ever, not too much dependence must be placed in the exact localizing 
value of clinical signs, for very frequently a lesion quite discretely 
placed ivithin one hemisphere may by its symptoms lead one to diag- 
nose a midline tumor, and vice versa. 

The affected limbs show a definite decrease of muscle tone and are 
flaccid and rather fiaillike. The hand and fingers or the foot may be 
dorsiflexed or plantar flexed to an abnormal degree- If the forearm is 
held fixed at the elbow, it may be shaken so that the hand flaps about 
like a loose appendage. If the forearm is flexed strongly against resist- 
ance which is removed suddenly, the hand may be jerked toward the 
patient’s shoulder with a grossly uncontrolled movement. This loss of 
check reflexes may be demonstrated in the upper and lower extremities 
in a variety of ways. If, for example, the knee reflex is obtained with 
the patient sitting and the lower leg dependent, the initial jerk is fol- 
lowed by many repeated oscillations before the leg finally comes to 
rest. Attempts to perform rapidly alternating movements with the 
hands are characterized by large, awkward, incoordinated movements 
upon the affected side. 

Likewise, the tests for dysmetria or asynergia are characteristic of 
cerebellar dysfunction. If the patient attempts to place his forefinger 
on the tip of his nose with his eyes closed, the affected extremity 
misses the mark wddely or there Is a coarse ataxic tremor present at 
the end of the movement. The same loss of the ability to measure a 
movement may be shown by the test which requires the patient to 
place the heel of one foot upon the opposite knee, with the eyes closed. 

The atonia and asynergia are exhibited in the drunken, swaying 
gait of the patients with cerebellar disease. The ability to balance 
themselves may be markedly affected. This may be tested by having 
the patient stand on one foot alone and unsupported. With the affected 
extremity raised, he will be totally unable to balance himself, and the 
afiecled extremity will describe large awkward arcs as he attempts to 
maintain his equilibrium. On the contrary, when he stands on the 
affected e.xtremity with the sound one raised, he is able to balance him- 
self much better. 

In lesions which affect the vermis of the cerebellum, the patient may 
be wholly unable to sit erect, unsupported. The entire upper body may 
pUch forward, backward, and laterally in the attempt to remain 


Attention has been called to these signs and symptoms of cerebellar 
dysfunction because they point out quite simply and effectivclv the 
methods to be used in re-education. It must be emphasized that there 
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IS no paralysis present. Active voluntary movements are possible, but 
tlwy arc asyncrgic. AVe have been impressed with the striking results 
which have been obtained in our attempts to re-educate patients who 
have been operated upon for the removal of intracerebellar or cere- 
bellopQntile angle tumors. Simple exercises designed to re-educate co- 
ordination of their muscles and based entirely upon the characteristic 
signs of their dysfunction have been employed. It is quite true that in 
some Instances former occup.itions which require finely controlled and 
coordinated movements cannot be regained, but gainful occupations 
which require loss accurate movements may be opened to these 
patients. 

We have employed such simple exercises as having the patient pick 
up a glass of water from the table, take it to the mouth, and replace 
it without spilling its contents. He must be shown how' to do this in 
one continuous, smoothly coordinated act. He may be taught to prac- 
tice walking along a straight line drawm on the floor, making certain 
that he looks ahead and not down at his feet. Again, he may practice 
the same acts which have been described as tests for cerebellar dys- 
function. Here, as in cerebral lesions, results may be obtained more 
satisfactorily if purposeful exercises are employed to hold the patient s 
interest and to provide a goal toward which he may strive. Adult 
patients may be self-conscious in making their practice maneuvers be- 
fore an audience, and it is important that the patient practice his 
movements with relaxation, seU-confidence, and a feeling of steady 
Doubt or discouragement must not be allowed to develop 
in his mind. We have also cmploy'ed motion-picture studies to show 
these patients the results of their persistent efforts. 


Spinal Cord Lesions 

The symptoms which result from involvement of the spinal cord are 
to he distinguished from those which result from injury or disease ol 
the cauda equina. Spinal cord lesions are characterized by the symp- 
toms ot an upper motor neuron lesion. These are spastic paralysis, 
increased deep tendon reflexes, pathologic reflexes, absence of super- 
« ^ absence of muscle atrophy and of the reaction m 

degeneration. In direct contrast, cauda equina lesions are essentially 
like peripheral nerve lesions in that the symptoms present are those 
lesion. These are flaccid paralysis, muscle 
reaction of degeneration, and absence of deep tendon 
retiexes and of pathologic reflexes. 

rnmm^i^v iu either event is one which involves mos 

W Sh?? A spastic or flaccid paralysis is, Ihere- 

1 involvement. Lesions of the 
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Fw 3 — Marked flexor and adductor spasms and contraclotts \^hich foHowed a punshol 
injury of the spinal cord This patient had receised no physical therapy of any kind. 
\YYii\e ph>sical therapy is useful and necessary excn at this sU^e of deformity, it u 
obnous that recovery of function 15 less probable than it would have been had proper 
care been given early to this patient. 

SPASTIC PARAPLEGIA 

The paraplegic state is analogous to the hemiplegic state described 
previously as the result of cerebral lesions. The gait of a spastic para- 
plegic patient is quite characteristic. When the feet are on the floor, 
they seem to be glued there. The upper portion of the body is inclined 
forward as the patient attempts to advance. The pelvis is elevated to 
one side while the corresponding extremity is dragged forward. Clonic 
movements of the limb may interfere with placing the foot upon the 
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is no paralysis present. Active voluntary' movements are possible, but 
they are asyncrgic. We have been impressed with the striking results 
which have been obtained in our attempts to re-educate patients who 
have been operated upon for the removal of intracerebellar or cere- 
bellopontile angle tumors. Simple exercises designed to re-educate 
ordination of their muscles and based entirely upon the characteristic 
signs of their dysfunction have been employed. It is quite true that in 
some instances former occupations which require finely controlled and 
coordinated movements cannot be regained, but gainful occupations 
which require less accurate movements may be opened to these 
patients. 

We have employed such simple exercises as having the patient pick 
up a glass of water from the table, take it to the mouth, and replare 
it without spilling its contents. He must be showm how to do this m 
one continuous, smoothly coordinated act. He may be taught to prac- 
tice walking along a straight line drawn on the floor, making certain 
that he looks ahead and not down at his feet. Again, he may practice 
the same acts which have been described as tests for cerebellar dys- 
function. Here, as in cerebral lesions, results may be obtained more 
satisfactorily if purposeful exercises are employed to hold the 
interest and to provide a goal toward which he may strive. Adult 
patients may be self-conscious in making their practice maneuvers 
fore an audience, and it is important that the patient practice ms 
movements with relaxation, self-confidence, and a feeling 
attainment. Doubt or discouragement must not be allowed to develop 
in his mind. We have also employed motion-picture studies to s ow 
these patients the results of their persistent efforts. 


Spinal Cord Lesions 

The symptoms which result from involvement of the spinal cord are 
to be distinguished from those which result from injury or 
the cauda equina. Spinal cord lesions are characterized by the sy _P 
toms oi an upper motor neuron lesion. These are spastic paraysi > 
increased deep tendon reflexes, pathologic reflexes, absence of , 
ficial reflexes, and absence of muscle atrophy and of the 
degeneration. In direct contrast, cauda equina lesions are essen ja / 
like peripheral nerve lesions in that the symptoms present are o 
of a lower motor neuron lesion. These are flaccid paralysis, muyie 
atrophy, the reaction of degeneration, and absence of deep tenaon 
reflexes and of pathologic reflexes. 

The motor dysfunction in either event is one which involves most 
commonly the lower extremities. A spastic or flaccid paralysis is, t e 
fore, highly suggestive of spinal cord involvement. Lesions of me 
cervical segments of the cord may, of course, affect all four extremities 
and a quadriplegia results. 
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Spastic Paraplegia 


from the slightest to the most extensive in the different types of cases. 
A rupture of the intervertebral disk into the vertebral canal may in 
some cases, with the lesion being of large size and lying in the cervical 
or thoracic canal, cause spasticity of a certain degree. 


Degenerative Diseases of the Spinal Cord. — The most common 
degenerative diseases which produce spastic paraplegia are lateral 
sclerosis; amyotrophic lateral sclerosis; posterolateral sclerosis, which 
accompanies pernicious anemia; syringomyelia; multiple sclerosis; and 
the familial ataxic disorders. In all of these diseases the lateral pyram- 
idal tracts undergo progressive degeneration. The spasticity and 
paralysis develop gradually and insidiously. 

In lateral sclerosis the degeneration is limited to the pyramidal 
tracts and sensory disturbances are absent. Only the lower extremities 
are involved, so that the clinical picture is one of a pure spastic para- 
plegia, In amyotrophic lateral sclerosis there is a concomitant lesion 
of the spinal gray matter of the cervical segments of the spinal cord. 
In this disease, therefore, there are the combined symptoms of a lower 
motor neuron lesion in the arms and an upper motor neuron lesion in 
the legs. The upper extremities present atrophy, loss of tendon re- 
fle.xes, and flaccid paralysis, plus the reaction of degeneration. At the 
same time the lower extremities present the symptoms of a spastic 
paraplegia in varying degrees. Sensory symptoms are absent. 

Pernicious anemia is the one disease which attacks the lateral py- 
ramidal tracts and the fibers of the posterior columns of the cord 
simultaneously. The predominance of the paraplegic state over that 
produced by the posterior column disease similar to that present in 
tabes dorsalis, or vice versa, is dependent upon the extent of the path- 
ologic processes. Subjective and objective sensory disturbances vary 
greatly in each case. Syringomyelia may produce a clinical picture 
similar to that seen in amyotrophic lateral sclerosis. In addition, how- 
ever, there are marked sensory disturbances due to the involvement 
of the pain and temperature fibers as they cross in the anterior gray 
commissure. Slultiple sclerosis is characterized by the scattered nature 
of the pathologic lesions present in the cord and medulla. Sensory dis- 
turbances may be present but are usually not well marked. The upper 
extremities are less frequently involved in the general loss of power. 
In both upper and lower extremities the weakness or paralysis is asso- 
ciated with a comparatively moderate degree of spasticity. 

A group of cases has been described by a number of authors, begin- 
ning «ith Striimpell, which presents pure spasticity and familial traits. 
The spastic condition may appear at any age, and there is paresis only 
in the terminal stages of the disease. Increased tendon reflexes and 
n>-pertonicity of the muscles are the outstanding symptoms. Sensory 
and sphincteric difficulties are absent. The rigidity of the legs may be 
so marked as to make the gait spastic and walking impossible. 


TEAUMA.—Injury of the spinal cord may be the result of direct 
trauma to the cord, as by a gunshot wound, a splinter of bone, con- 
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floor, so that the heel is elevated and the patient moves up and do^-n 
on his toes. Finally, the limb becomes fixed, and the opposite extremity 
is advanced in the same manner. Frequently these short and jerky 
steps may be interrupted by violent ovcraction of the adductor muscles 
of the thighs which displace the knees inward. Sometimes a cross- 
legged or scissors gait is produced. 

If walking is impossible, the same cross-legged attitude is charac- 
teristic of the patient as he stands. The tendency is for the knees to 
adduct and for fle.xion of the knee and hip joints to occur. The paUenl 
may flex his trunk far forward at his hips in his efforts to remain 
standing and to prevent these adductor and flexor spasms from causing 
him to fall. ‘ . u, 

When the patient is bedridden and a spastic paraplegia 
developed, the lower extremities may be e.xtended rigidly, ine a * 
ductor muscles of the thighs are strongly contracted and may caus 
the limbs to be crossed. The marked rigidity may cause the extremi i 
to act like rigid pipes which are hinged together. Passive 
of one foot upward may be followed by a like movement m the o 
extremity because of this rigidity- In other severe cases of parap p » 
rigidity may occur in flexion. The legs are strongly flexed o 
thighs and the thighs, in turn, may be so completely fle«d o 
trunk that the knees touch the patient’s sternum. Commonly i 
cases there is also a strong adductor spasm which makes these p 
appear to be tied into a knot. It has been our observation . . 
flexor-reflex movements are initiated by the adductor spasm wn > 

in turn, followed by flexion of the limbs (Fig. 3). . - 

The deep tendon reflexes may be exaggerated incredibly 
patients. The slightest touch may cause violent reflex ® 1 

throw the patient about on his bed, or produce 
flexes which result in a posture similar to that presented by me p 
wth a paraplegia in flexion. , -w- 

The bladder and bowels are affected to a variable degree m 
cases. Lesions of the lumbar cord destroy the vesical and rectal 
while involvement of the cord at higher segments removes the par 
control over these functions. Quite frequently patients may ^ 

automatic bladder which empties when its contents have reacne ^ 
pven amount. Mass reflexes may also be present in which the 
limb flexes upon stimulation; this is accompanied by expulsion 
contents of the bladder. . .. iy 

Sensory and trophic disturbances are variable, depending 
upon the horizontal involvement of the spinal cord jnnle 

tractures may produce deforming postures which seriously P 
these patients and make operative measures necessary to afford 
relief from their suffering. 

Etiology. — The most common causes of a spastic 
(i) degenerative diseases of the spinal cord, (2) trauma, (3) 

(4) birth injuries, and (5) infectious diseases. The symptoms va t 
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Fio 4— /I. DulocaUon of the fifth upon the sitth cervical vertebra, together with 
comminution of the body of tbe seventh, producing an incomplete lesion of the spinal 
cord (Before application of tracUoQ ) 

S. The same patient, with the dislocation completely corrected Twenty-four hours 
after tbe accident, when the patient was first seen, skull tongs were put in place and 
30 pounds of traction applied He w-as immediately relieved of neck and shoulder pain 
and soon showed signs of neurologic recovery. Note Ibe increase in length of tbe total 
cervical spine after reduction (fhotograph taken three da>s after application of traction, 
with traction still in place) 

is more commonly observed, whereas, in incomplete lesions, frequently 
extensor types of movements are present. In complete lesions, the 
posture of the lower limbs is one of slight fle.xion; in partial lesions, 
extension. As a general rule, partial lesions of the spinal cord generally 
show a condition comparable to that of a decerebrate animal in which 
there are defense reflexes with marked spasticity. Although an extensor 
t>’pe of response to plantar stimulation has been observed in complete 
section of the spinal cord, usually such a stimulation is followed by a 
plantar flexion of the toes, and, as a fairly general rule, it may be 
stated that an extensor type of refle.\ is strongly indicative of an in- 
complete lesion. Inasmuch as prolonged states of toxemia or septicemia 
from urinary sepsis or bed sores hasten considerably the reappearance 
of reflex inactivity in cases of complete section of the spinal cord, it 
frequently occurs that, from the practical standpoint, incomplete 
lesions are relatively easily recognized by the long persistence of spas- 
ticity and signs of a paraplegia in extension. Of particular value in 
recognizing incomplete lesions is the early appearance of a Babinski 
sign, the failure to evoke mass reflexes from above the knee, a definite 
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cussion or contusion; o/oratebra' or 

compression from a attbelevelof thein)ury 

though hemorrhages and Ihrondn may^^^^ ^ tree 

and to a distance ot one or tno scyia. 

hematomyclia is a rate incomplete section ol the 

Frequently severe injury and, at times, i 
spinal cord, have been observed '''* Xtfphvsiologic interruption of 
case of peripheral fSrinlScd f ton^^a comptete onalomic '.n'c 

sr„trs‘'K"- s.''Aii5 " 

physiologic interruption, a large of the lesion or y 

partial PF“’yfo“' o^airOTcsot sensibility. Prior « S.flao- 

cidity was present and aU reflCT ,1,^ .'“\av“?hown 

aw2,:“?iSr' « ■■■>•■' ■ 


this conamon. isei.vuv 

iocMn wh”h the paralysed -“f ^^YMe-i 

teflenes, superficial and deep, are usual jaos ■ of ft 

feres. At times retention ot urine ana i , ,,,ocaverno 


of 


sually absent, w\n { feces 
Sl“™‘li-Yed T^Tsecond stage, the ” ■ 


cremasteric and. -pflex activ- 


Ity.te^nsivith fo'TKV devX^ment of .this “ 

Idmulutap^ied to any part of the "Y mS 

flexion reflex of the hip, with adductio pvtensivo ” 

Wten reflexes can be evoked with ease, an extensiv ^ j,,a„ 

reflex action can be obtained "’’"f.hY ventral abdominal 
This consists of a flexion spasm ''’5,'^ j,e„ Us conlents acci 
the lower extremity, evacuation of the blnddj *"„( the fin ^ 
to a certain amount, and sweating irom a exciting ren . 

natalvzed region. One of the most receptive Adds mr end 

Tthe genitll area. During this stage, » some ^ „aUC 

ankle jerks can be evoked. Under *nvorable c usually m 

function of the bladder and r'Otum may be esWbhsMO, !«•«=““? 

S week. The f ird stage, that ot PodnaUmtoe of r ^ ^ad- 
-»f the isolated spmal cord, usually preceding stage. , . _« 

It'll return to a condition dosely simulating , incomplete , 
Certain differences of ’".“"PJYflew type o^f movem® 

may be pointed out. In complete lesions, the flexor yp 
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Fjg 6 —a very satisfactory neck 
brace, with adjustments to increase 
support on the occiput and mandible. 
Such a brace is useful in maintaininft 
position of the cervical vertebrae after 
^eletal traction has been discontinued 
With such support the patient may 
then be out of bed 


The spastic paraplegia is usually of gradual development in com- 
pression of the cord due to tumor masses, although occasionally one 
may see the sudden onset of paraplegia due to erosion and collapse 
of a vertebra by a tumor mass or as the result of a sudden dislocation 
of a tumor within the vertebral canal. We have also seen this happen 
m young patients who suffered a spread downward in the cerebrospinal 
axis of a rapidly growing medulloblastoma in the posterior cranial 
fossa. Root pains which surround the trunk or radiate into the limbs 
may be early symptoms. Complaints of heaviness, weakness, and dum- 
bness of the legs may be made long in advance of paralytic symptoms, 
rmgling or “electric” pains are frequently complained of, and each 
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Fio. S'—Skull toBjrs which arc placed »n Ihc outer table of t appliwtiem 

temporal line above (he car. The swivel handle allows skeklal traction 

ol traction weights (i8 to jo lbs) and for moving md U ^ 

should be applied as soon after a cervical ffacturc*di>locauon as pos-i • 
maintained continuously for 2 $ to 30 days. 

history of an absence of a state of spinal shock, marked 
paralyzed extremities, the involvement of both flexors ® 
in reflex movements provoked by the stimulation ol recep 
and, of course, in obviously incomplete lesions, the aose 
paralysis or anesthesia below the level of the lesion. damase, 

Fracture-dislocations of the cervical vertebrae, with c 
present a somewhat specialized problem in the 
injury is frequently at the level of the fifth and sixm vert > 
a resultant paralysis of all the muscles of respiration sa 
phragm. If the lesion is a physiologic one, and it ^gchan- 

entire symptomatology may change within a day or two ane . 

ical correction of the deformity. We have used ^ ^ete 

success in such cases, and if adequate weight is used for . 
is a rapid return to normal bony alignment in the fresh inj ' ^ 
an immediate relief of shoulder and neck pain and the appe 
signs of neurolo^c recovery (Figs. 4-6). 

Tumors. — Spinal cord tumors may be intramedullary or 
ullary in location. The extramedullary tumors may be intra 
extradural and may produce compression of the spinal cora 
point about its circumference. Intramedullary tumors of 
simulate any of the degenerative diseases of the spinal ^ tiie 
symptomatology. Extramedullary tumor masses may arise 1 
meninges of the cord or from the vertebrae. 
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motor neuron lesion. The deep tendon reflexes are absent, there is 
muscle atrophy, the reaction of degeneration is present, and sensory 
changes form a prominent part of the clinical picture. The cauda 
equina of the spinal cord is involved in the pathology of these lesions. 
Their resemblance to peripheral nerve lesions is striking. 

The most common etiologic factors which produce a flaccid para- 
plegia are fracture-dislocation of the lumbar vertebrae and tumors of 
the cauda equina. Here must be included, also, the ruptured interver- 
tebral disk which is so commonly found between the third and fourth 
lumbar vertebrae or between the fourth and fifth. Anterior poliorny- 
elitis which produces the syndrome of a lower motor neuron lesion 
should also be included in the etiology of flaccid paralysis of the lower 
extremities. In this disease there is a total absence of sensory dis- 
turbances. The varying degrees of paralysis which may result from 
this disease and the late treatment of this condition are considered in 
Chapter 8 and therefore will not be considered here. 

TREATMENT OP SPASTIC AND FLACCID PARAPLEGIA 

The treatment of spastic and flaccid paraplegias as the result of 
spinal cord and cauda equina lesions by the use of physical thera- 
peutic means may be considered together. The differences in the treat- 
ment of the spastic and flaccid paraplegic states may be emphasized 
as each type of therapy is discussed. The results of physical therapy 
in the treatment of flaccid paraplegia are much more satisfactory than 
those which can be obtained in spastic paralysis. 

Massage. — ^Just as in the spastic limbs of the hemiplegic patient, so 
in spastic paraplegia, reflex activities are heightened. The slightest 
touch may produce marked adductor and flexor spasms. Consequently, 
massage in these cases must be very gentle and should consist of strok- 
ing rather than rubbing movements. On the contrary, massage may be 
more active and may be more elTective in cases of flaccid paralysis. 
Massage may be begun with a period of rhythmic superficial stroking. 
Following this all of the muscles of the extremity should be massaged 
With a centripetal motion to affect the venous and lymphatic circula- 
tion. More pressure may be used than at the beginning of the massage, 
but care should be taken not to injure the paralyzed muscles by com- 
pressing them against bones. This may be increased gradually until the 
m^sage consists of a gentle kneading. 

Massage should be preceded by exposing the extremities to heat for 
twenty to thirty minutes. This is particularly useful in flaccid extremi- 
ties. Radiant heat, the infra-red light, hot packs, or a whirlpool hath 
01 warm water are all useful, but they should be used with extreme 
care because of the ease with which the skin of a denervated area can 
ue burned.^ The whirlpool bath, if it can be used without too much 
oiiiiculty, is preferable because the motion of the water acts as a 
Scntle massage. 
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patient will describe his paresthetic sensations in his own particular 
terminology'. As pressure upon the cord increases, compression of the 
pyramidal tracts occurs and spastic paralysis and increased tendon 
reflexes appear. Spasticity, marked reflex movements, and muscular 
rigidity with contractures may become very pronounced in these types 
of slow cord compression. Spliincteric loss is a late feature of these 
cases and is usually preceded by lesser degrees of incontinence. Sen- 
sory disturbances vary' in direct relation to the degree of involvement 
of the afferent fiber tracts in the cord. Trophic disturbances of the 
skin are quick to develop in the presence of poor nursing care and 
prolonged periods of confinement in bed, and it is to the interest of 
everyone concerned that such lesions do not develop in these patients 
who are always a great nursing care and whose eventual outlook may 
be precarious enough because of their spinal cord lesion alone. 

BiRTir Injuries. — A very important cause of motor disability in 
children is caused by injury to the spinal cord as the result of obsteUic 
accidents. In the opinion of Crothers'* the majority 
to the “imposition of the unphysiologic force of traction. 
emphasizes the fact that the management of these children 
upon the intaclness and rc-cducation of the physiologic residue ram 
than upon the exact nature of the anatomic lesion. If the lesion is c • 
fined to the spinal cord, the child at least has the advantage of a 
mentality. The most common deformity presented is P®'’®P ys-t 
the clinical picture may vary enormously with the degrees 01 pa 
injury which may be present. The least favorable cases are, of cours , 
those with physiologic or anatomic destruction of the lumbar ema g 
ment of the cord. Urinary sepsis and trophic ulcers comphea 
care of these patients. Complete flaccid paraplegia ^ "bar 

some cases due to an almost complete destruction of the mm 
spinal cord. 

Infectious Diseases— A large number of spinal cord lesions have 

been grouped under the term “myelitis." Inflammation of tne c 
substance is probably never primary. Infection may reach the ® 
the vascular supply and not infrequently folloivs the exanthemai 
and septicemic diseases. _ rL.fs 

Acute cases produce the maximum damage in a few days, 0 

require weeks. If death does not result, gradual improvement ma> 
occur. Decubitus lesions are serious complications in these cases. , 
spasticity develops, there is rarely any recession, and the 
state W'hich has been described results. Localized muscle atrop y 
to involvement of the anterior gray matter never improves. 


FLACCID PARAPLEGIA 

In direct contrast to the spastic paraplegic state is a 
the lower extremities, which is completely flaccid. As was stated ^ 
viously, such a flaccid paraplegia presents the symptoms of a 
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neuron is uninjured, the trophic nerve supply to the muscles is intact 
and the intelligent employment of massage and active and passive 
movements will accomplish more with far less danger of harmful 


results. 

On the contrary, in the flaccid paraplegias, electrotherapy may be 
used to great advantage. Electrotherapy is indicated to prevent the 
atrophy of muscles and fibrosis, to increase nutrition, and to conserve 
the functional capacity of paralyzed muscles until sufficient return of 
function has taken place to permit of active motion. 

Since the days of Duchenne, neurologists have agreed that elec- 
trotherapy is of service in hastening the return of function in muscles 
paralyzed as the result of lesions of the lower motor neuron. Although 
some physiologists have felt that it was useless, others have shown by 
experimental studies that there is a sound basis for the belief that 
electrotherapy is of distinct benefit. Recently it has been showm, par- 
ticularly in peripheral nerve lesions, that a more advanced type of 
regeneration of the nerve occurs when the denervated extremity is 
treated by electrotherapy. 

It is necessary to understand clearly the method of action of treat- 
ment by electricity. Stimulation by an electric current of sufficient 
strength produces a contraction of the muscle. It is this active con- 
traction which conserves the volume and nutrition and keeps the 
muscle fibers in a functional state adequate for voluntary movement 
when regeneration occurs. The only requirement of electrotherapy is 
that it produces a contraction of the paralyzed muscle. This cannot be 
produced by the faradic current because the duration of each stimulus 
is too short in relation to the changed chronaxia of the nerve and 
muscle. Galvanic current must be used, therefore. It may be used in 
its simplest form of a continuous current, with a make and break key, 
or in the form of sinusoidal currents of various wave types. 

It has been said that a continuous current which produces a sharp 
contraction at the make or break is of little value because it does not 


resernble the normal contraction of a muscle. On the other hand, it 
is said that the sinusoidal current produces a slow contraction which 
IS more nearly normal. Physiologic experiments have never shown that 
muscles contract slowly in their normal state. It may be accepted that 
the muscle contractions which result from the interrupted galvanic cur- 
rent stimulation are as useful as any other type of galvanic current. 

The rapidity of the muscle contractions can produce no harm after 
the second week following injury or surgical procedures. During 
the first two W’ceks the muscles should be kept at rest. After this 
period, sudden contractions are as useful as slow ones. The force of 
the contraction may be modified by the strength of the current Intet- 
t^pted galvanic current is often painful, and therefore other t\TDes 
01 waves are useful in children or sensitive patients. Since the muscle 
contraction occurs only upon making and breaking the current nro- 
Wed stimulation is unnecessary. The current should be applied with 
short makes and immediate breaks by the use of a suitable electrode 



on rch*pl«r 15 
IVotume XI 


Brain and Spinal Cord Lesions 


Active and Passive Movements. — ^Hcrc, again, spasticity may in- 
terfere seriously with attempts to use active and passive movements in 
the treatment of a spastic paraplegia. Often when the patient attempts 
to perform an active movement, the spasticity of the extremity becomes 
so marked that the limb becomes rigid, stiff, and immovable. This is 
particularly true if the patient is not relaxed completely or if he feels 
that the movement must be performed upon command. Consequently, 
active movements in spastic patients must be begun slowly and very 
gradually, and unusual patience on the part of the patient and the 
nurse is imperative. 

This is not true of flaccid paralysis. Active movements must be 
attempted and may be pushed as rapidly as the patient’s progress per- 
mits. It is wise to aid the patient if necessary, so that the complete 
range of the particular movement- Is performed. Movements which 
occur refiexly in spastic paralysis must be differentiated from true 
voluntary movements and must not be interpreted as evidence of re- 
turn of motion. 

Passive movements may be employed to greater advantage than 
active movements in spastic exlremilies. They must be used carefulij 
and gently, however, so that large defensive reflex movements may 
not be excited. As Langley ^ has pointed out, intermittent passive or 
active stretching forces lymph, and so presumably metabolic pnwucts, 
frorn the muscles. Moreover, such active or passive movements nave a 
distinct influence upon the formation of connective tissue, the forma- 
tion beginning rather quickly in lower motor neuron lesions. Part o 
the late contractures in flaccid paralysis may be due to the shnnKage 
of this newly formed tissue which is soft and extensible.^ Active o 
passive movements will stretch the developing connective tissue noers 
so that, when they do shrink, there may be less tendency to a con 
tracture. ^ . , 

Passive movements may be carried out very well in conjunction wit 
massage. They help to stretch contractures which have ? 

curred and to prevent those which invariably occur in an mac v 
or denervated muscle. They also increase the range of motion in an 
already stiffened joint and help to keep a mobile joint active so tnai, 
when the time comes, it is ready to perform its part as an 
mechanism. Finally, such movements help to re-educate the musettes 
performing normal movements. Each separate passive exercise shouia 
be individualized and the p.atient should be required to make me 
attempt to perform the movement simultaneously or to attempt to n 
the part in the position imposed upon it. 


. . ■ . spastic 

. ,e results which 

• • . fact, the height™™ 

reflex activities of the spastic extremities may offer strong contra 
indications to its use. In upper motor neuron lesions, muscle at P 
does not occur except as the result of nonuse. Since the lower motor 
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Fic 8 —Thomas type of caliper splmt, which may be modified as desired for a paralysis 
of the lower e\lrcniit>. 

Contractions of muscles produced by electric current are a valuable 
aid to re-education and active motion. Although the patient may not 
be able to produce dorsiflexion voluntarily, the ankle may be held in 
that position after electrical stimulation has produced dorsiflexion. 
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Fm ;-A simple sptins splint to sy |„ dprsillexion ol the loot end to ptevent looldmp 


_ few months following the paraiysis, the muscles 

tha FPerirritable. Unipolar stimulation will produce contractions m 
tiifiin affected by the weakest currents, because of loagi- 

ivoiSa fatigue in these muscles must be 

tn tell ^ sense may be defective and the patient is unable 

to tell when his muscles are faligued. 

stimSion affected muscles become less irritable and unipolar 
alme mi?, “f current to unparalyzed muscles which 
trodes shoiild'h injury ol the patient. Therefore, bipolar eiec- 

aln?vs inti^ ^ f'’® ^fage. Although polar inversion does not 

Ser S '.J" ^saaarated musclesr it occurs in such a large 

eTeSr:L“lS?bVfeXt^r'^ 

usS to*^Drevpn? paralyzed muscles, care must ^ 

inc muscles Tliia r gravity from acting against the contract* 

roints and m^v movements of segments about the 

S no?tS. fatigue. The extensors of the foot 

drop but if the with the extremity in a position of ftjot* 




Fio 10 --A simple type of waJk«r, made of ordinary ps pipe and large ball-bearing 
casters, very useful In the first walking attempts of a paraplegic patient. 


SO that it may prove more desirable to use light crinoline posterior 
molded splints which may be removed easily for massage and passive 
movements. There is no reason for using heavy plaster-of-Paris boots 
which are out of all proportion to the effect desired. Adhesive tape 
straps from the sole of the foot to the dorsum of the leg may also be 
effective. 


When the patient becomes ambulatory, the most satisfactory splint 
f? P^^vent footdrop is one patterned after that shown in Figure 7. 
This is a simple device and can be attached to the shoe easily. As is 
usually the case, the remainder of the extremity also requires support. 
A modification of the Thomas caliper spUnt may be employed (Fig. 8). 
A spring lock at the knee joint enables the patient to flex the knee 
when he sits. When he is standing or walking, this lock closes and the 
kn^ IS kept in extension. The additional footdrop splint may be at- 
tached very simply to this type of apparatus. Figure 9 illustrates an- 
ottter variety of splint which may be used when the residual paralysis 
atiects the lower leg predominantly. 


Exercise and Muscle Re-education.— Very often the naranlerir 
patient ,s looked upon by his physician nith the same air of hopelefs- 
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Care must be exercised in treating areas of skin in f,^pr?tion 
has been destroyed. Burns are produced easily, and when u 
once occurs, healing is difficuU. *1 mntracl 

When the nerves and muscles have recovered sufficiently , • 
to faradic stimuli, both galvanic and faradic stimulation are a -j, 
the purpose of the latter being to produce more prolongea or 


‘ purpose 
contractions. 


Splints. — ^We have found splints of little or no use in j pg, 

of spastic paralysis of the lower extremities, once it 
formities and contractures may in part be prevented n^tient 

by massage and passive movements of the joints. When tne p 
is confined to bed, the extremities should be kept in be 

abduction by the use of sandbags and pillows. The feet may ^ 
held up in a functional position, in order to overcome a the 

of the feet, by a foot board which can be moved up and oo' 
frame of the bed to accommodate to the position of the 

On the contrary, much can be done by the intelligent use ol sp 
in cases of flaccid paraplegia. While the patient is in bed, too"' ‘ 
may be avoided by the use of sandbags against the soles ot tne h ^ 
tient’s feet and a cradle over the legs to keep the weight of tne 
clothes off the feet. These require careful and constant adjustm » 
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Fio i»— A walking frame combined with mirrors Is a useful agent In re*educating a 
patient to nalk. 

floor of this aisle consists of a board upon which are painted square 
spaces which are numbered. These vary in size. The patient attempts 
to place his feet within these spaces, and as his skill develops, the wder 
spaces are utilized. The results of this method may be increased by 
having the patient observe the movements of his legs in a mirror 
(Figs. II, 12), 

We ha\e also found that the movements of the low’er extremities may 
be more easily performed in slightly warm water. This is true of the 
cases of spastic as well as flaccid paralysis. A Hubbard tank (Fig. 
13) is an excellent means of carrying out these underwater movements. 
Since the tank may be installed in the basement of the patient’s home 
and is relatively inexpensive, it is extremely valuable. 

These few examples of methods of re-^ucation of the muscles of 
the lower extremities may be multiplied many times. In more ad- 
vanced cases, a stationary bicycle may be used or a rowing machine 
>Tiay be employed to advantage. Just as in the re-education of the 
upper extremities, productive educative exercises for the lower extremi- 
ties intrigue the patient and secure his whole-hearted co-operation. 

Frankel Exercises.— T hough not strictly a spinal cord disease 
tabes dorsalis produces ataxia in the lower e.xtremities which may be 
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fic II — A patient engaged in walking eierdses, stepping on markers designed 
graduated active exercisc. 

ness as is the hemiplegic one. Many times massage, active 
movements, electrotherapy, and splinting are carried out 
lively until the patient is ambulatory, and then his further treat 
neglected. ^ . - 

It is necessary to teach the recovering patient to use his 
muscles to his best advantage. He must be taught to walk again, 
one may feel that this will be accomplished gradually in spite oi wi 
may be done, our cases have progressed more rapidly as the res 
directed muscle exercises and re-education. . j. 

_ One of the simplest devices to teach the patient to use his 
ties may be made of small iron pipes and is similar to a baby s wa 
The patient stands within this frame, which is on rollers, and rests ma 
weight upon his arms, grasping the sides with his bands 
Another excellent method of re-education in walking is to nave m 
patient walk m an aisle bounded by iron pipes, which may be 
easily, and upon which he may rest his weight as he progresses, m 
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4. In the standing position the patient should place one foot in front 
of the other. With his hands across the chest, he should flex his knees 
and then slowly raise himself. 

5. The second exercise may be repeated and extended so that the 
patient places one foot behind the other. This requires and educates 
the sense of balance. 

6. With the feet together, the patient should stand alone with his 
hands on his hips. 

7. With the feet separated in a normal position of standing and 
without a cane, the patient should perform various acts with the hands 
and arms. 

These exercises may be lengthened and enlarged as the patient de- 
velops his coordination and, of course, are as valuable in cases of 
flaccid paraplegia of spinal cord origin as they are for patients with 
tabes dorsalis. 

Surgery. — Marked deforming contractures may follow neglected 
cases of spinal cord involvement. Attention has been called to the 
flexor and adductor contractures in spastic paraplegia. Division of 
tendons, peripheral nerve section, such as severance of the obturator 
nerves in adductor spasm, and extensive posterior spinal root sections 
must be considered as a part of the treatment of these cases. Often a 
bedridden patient may be made ambulatory by posterior root section. 
After such a procedure the patient must be trained thoroughly and 
persistently by re-educational exercises and other physical therapeutic 
methods. 

Modification of Treatment Because of Sensory Disturbances. — 
The loss of sensation is variable as a result of spinal cord lesions. 
Cauda equina involvement is characterized commonly by sensory loss 
about the buttocks. This has given rise to the term “saddle anesthesia.” 

Because of the sensory disturbances present, extreme care must be 
taken to avoid decubitus lesions of the skin of the back and buttocks. 
The skin must be kept scrupulously clean and dry. Alcohol rubs and 
the application of cocoa butler should be used freely. If possible, the 
patient should be turned on the side and propped there by pillows, 
so that strain on the paravertebral muscles is avoided. This distributes 
the pressure of the body over various areas of skin and allows the back 
to be treated efficiently. 

Harsh, stiff linen sheets which burn the skin must be avoided. The 
linen must be changed immediately if it becomes soiled from an in- 
continence of urine or feces. 

^ Decubitus lesions may be treated with excellent results by a few 
procedures at the patient’s bedside. Care should be taken to 
uebride the ulcers of all necrotic tissue. Undermining, sloughing 
P9^^5ts of dead tissue should be searched for and removed. After such 
debridement, the wound may be gently cleansed with plain soap and 
water and irrigated with normal saline solution. It should then be dried 



Fic. i3— Patient performing ewrdses under water in fl Hubbard tank. 

treated very successfully by a system of re*educotive the 

described. There is a considerable amount of literature con 
results of treatment of tabes dorsalis by Frankel exercises. 

Friinkel ® has described two classes of exercises— tnos . 

ridden and those for ambulatory patients. In bed, the patien 
to flex, abduct, adduct, and extend each leg separately arm .• 
simultaneously. The knees and hips are also exercised. l ^ . 

should place the heel of one foot on the knee of the opposi 
then pass it slowly do^vn the tibia toward the may be 

should be carried out with the eyes opened and dosed. . gjj. 

repeated twice daily for as long a time as the patient s condi i J 
fies. ^ vsl* 

For ambulatory patients, Friinkel has described the followi g 
uable series of exercises: 

r. The patient is placed with his back to a chair and to 

heels together, is asked to lower himself slowly into the cna 
rise in the same manner. Crutches or canes should not be u 
may, however, be necessary at first to provide the patient wi 
support of an attendant. , ,roikinR 

2. One leg may be placed at the distance of an ordinal ' 

step in front of the other and then returned accurately to ° 

position. The patient may support himself during this exerci , 
necessary, with a cane . , .g. 

3. The patient is asked to walk several steps slowly and witn p 
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A laminectomy was performed and the compression due to the bony 
fragments was removed. For the last two years the patient has received 
massage, acti\e and passive movements, electrotherapy, and re-educative 
exercises. He is now able to walk with the aid of crutches. His ability to stand 
with the support of his crutch, at the end of the two-year period, is shown 
in Figure 13. Persistent daily re*educalive exercises at home played a very 
important part in this man’s rehabilitation, and he was seen at frequent 
intervals after his discharge from the hospital, in order that new exercises 
might be provided as bis condition improved. 


H. S., a 48-year-old housewife, was injured in an automobile accident and 
suffered, among other injuries, a fracture-dislocation of the fifth cervical 
vertebra. She immediately showed signs of a physiologic lesion of the spinal 
cord, with only a slight amount of motion in the arms and hands. The legs 
were completely paralyzed. For four months she had no treatment of any 
kind, and no attempt was made to reduce the fracture while it was still fresh. 
The improvement in her condition during that period was essentially nil 
^^^len she was first seen m this clinic, it was discovered that she not only 
had an incomplete lesion of the cord but also a complete subarachnoidal block. 
The dislocation had e.xisted for too long a time to make reduction possible; 
therefore, a laminectomy was performed Immediately her symptoms began 
to disappear. She was started upon a course of systematic physical therapy 
including heat, massage, active and passive exercises. Her recovery was so 
rapid that she was discharged from the hospital fourteen days after the opera* 
tion, and in three weeks from the date of discharge she walked into the office 
for a check-up visit. Physical therapy has been used continuously until the 
present, with special emphasis on re-educative active, purposeful movements. 
Now, less than one year after operation, she walks alone without a cane or 
other support of any kind, and she can use both hands accurately and 
normally except for a feiv fine movements. 
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Fie 14 —Flaccid paraplepla which re5uUcd from a fraclure-disJocatfon of the tlu 
lumbar vertebra. The patient regained the use of his lower extremities following per 
sistent and intensive physical therapy. 


with a simple heat lamp and left exposed as long as possible to t e 
open air. Only aseptic surgical technic should be used in the trealmen 
of such ulcers, and daily care is imperative. Frequent exposure 
ultraviolet light has been of great aid in the rapid healing of sucli 
lesions in our patients. 

In many spinal cord disturbances, perforating ulcers of the large toe 
and heel occur. These, too, must be kept clean and free front in ec' 
tion. They are usually painless and begin as a callus or com. Uicer^ 
tion follows, and, if untreated, the bone may become denuded. Vs 
heat and ultraviolet light exposures aid materially in keepias ^ 
lesions dry and clean. 


^ Report of Cases, — The results which may be obtained by P 
sistent use of these therapeutic measures in spinal cord injuries m y 
be illustated by a brief recital of the following cases: 


C. D. (Fig. 14), aged 46, received a fracture-dislocation 
lumbar vertebra in an automobile accident in 1929. There was an 
flaccid paralysis of both lower extremities. There was incontinence of un^ 
and feces and there was loss of sensation over the area supplied by the 
lumbar and all the sacral segments of the cord. Six weeks elapsed after 
injury before he was brought for surreal treatment. 


CHAPTER SIXTEEN 


PHYSICAL THERAPY IN BACK INJURIES 
Harry E, Mock, M.D. 

General Back Injuries 

Backache is one of the oldest complaints of the human race. Failure 
of our profession to solve more thoroughly the cause or causes of this 
condition and to relieve adequately the sufferers from back pain has 
made this one of the most fertile fields in the category of human ail- 
ments for exploitation by the many unqualified to treat the condition. 
It is not the purpose of this chapter to offer physical therapy as a 
“cure-all” for these back conditions. 

For the physician who is seeing the occasional back condition, or 
who Is unfamiliar with the rather intricate methods of diagnosing or 
differentiating between the various back lesions, physical therapy may 
come as a new and easy experiment to be tried out on such cases. 
Undoubtedly a certain per cent of his patients will be benefited, but 
a large per cent will be unrelieved and disgruntled not only with the 
physician but ^v^th the method. 

For the physician who is prone to diagnose low back pain as a 
“sacro-iliac disease,” or a painful back following injury, with negative 
x-ray findings, as a “back strain,” or a “slipping vertebra” or “slipping 
sacro-iliac,” and who has developed the habit of treating all these con- 
ditions by the rather simple method of applying a back brace or a 
special bell, physical therapy may be frowned upon as a time-wasting, 
needless procedure. True, rather a high percentage of his cases may 
be relieved of their back pain, but in a large number such a procedure 
gives too prolonged a disability and leaves many a working man more 
or less permanently disabled, due to the stiffening of the back muscles, 
ligaments and aponeuroses. 

For the surgeon who is thoroughly versed in the diagnosis and treat- 
ment of back lesions, who has tried out all the old methods of traction, 
casts, sacro-iliac bells and back braces, and who has seen the high 
percentage of failure to relieve many persistent low back pains, or to 
prevent permanent disability in many compression fractures, there has 
been a growing tendency to resort to operative procedure, viz., bone 
grafts, or other bone-bridging methods. Such a one, if he has become 
wedded to operative procedures, may fail to give the time and energy 
necessary to carry out a thorough course of physical therapy before 
subjecting his patient to surger>'. 
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From the advertisements in lay journals and from some of the 
therapeutic claims made by the manufacturers of certain physical 
therapy apparatus, it is evident that the pretensions of this form of 
therapy equal or surpass the fraudulent claims made for drug therapy 
in the palmy days of patent medicines. 

It may be asserted that the medical profession has no priority rights 
to massage, electrotherapy, mechanotherapy, or other physical therapy 
measures, but when it comes to dealing in human health and human 
life, no lay institution and no individual, be he physician or otherwise, 
has a moral right to practice this or any other form of therapy without 
a thorough knowledge of diagnosis and an adequate understanding of 
the given therapy. 

Review of the medical literature of the last two decades reveals the 
vast amount of thought and effort that has been given to this question 
of disabling back conditions. Many theoretical e.xplanations have been 
advanced by various authors to explain the causes of disabling back 
conditions, especially the low back pain. These theories have been 
adopted as positive facts by the profession. Thus we have run the 
gauntlet of “sacro-iliac slipping,” “sacro-iliac sprains,” or “sacro-iliac 
disease or displacements.” Then came the diagnosis of “lumbosacral 
sprain” and its differential diagnosis from “sacro-iliac sprain.” More 
recently the weight of opinion has swung from this mechanical or 
anatomic e.xplanation for these conditions to a systemic or toxic basis, 
and thus the theory has been advanced that the true cause for many of 
these low back pains is a “myofascitis.” Still more recently we find 
great weight being given to faulty posture and to the abnormal ana- 
tomic construction of the spine. During the last two years almost every 
report of a roentgenogram of the back refers to the relationship of 
the fifth lumbar vertebra and the sacrum, and a faulty angle at this 
joint is frequentl5' assumed to be the cause of the trouble. 

Many of these diagnostic titles are still recognized by the profession 
as real conditions, while others have been discarded or are not recog- 
nized as of real importance. 

Schauffler ^ sums up the situation as follo^vs: 

Careful attention to the history and to the mode of onset and course of the 
back pain will help to decide whether one is dealing with a sprain or a 
mechanical strain. For years sacro-iliac displacements or sprains have been 
overplayed. Then the honors were divided between lumbosacral and sacro- 
uiac sprains or they were simply said to be a low* back sprain. Xow the pen- 
dulum has swung far to the opposite side and many articles in recent litera- 
ture claim that all these back pains are toxic. Myofascitis is the popular 

As alw-aj-s, the truth lies between the extreme views. There are lesions 
purely mechanical and any associated inflammation is of a traumatic tvne 
and not at all of a bacterial t>T)e. There are many others which are purely 
Jill 
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The physician who is willing to treat back lesions, although he is 
not completely satisfied wth his diagnosis, too often uses inadequate 
physical therapy measures because he likewise has an unsatisfactory 
understanding of real physical therapy methods. Thus, I have seen 
patients who for months have gone to physicians for only diathermy 
treatments or for light treatments without receiving any benefit. 

The physician who is accustomed to use back braces or special back 
belts will find physical therapy, if used properly and for the 
of maintaining function in a group of joints that are held irnmobilized 
by the mechanism, an invaluable adjunct to his usual procedure. 

jMost surgeons hesitate a long time before ankylosing one ot tne 
joints of an extremity. Two or three joints of the back, 
be ankylosed without any great loss of function because of the gre 
number of back joints. The loss of function, when resulUng, £ 
comes from the prolonged fixation of the 

less, this operation on the back h an extremely major aitJur) S 
with real dangers in many of our hands, and should be P*' T 5.1, 

last resort. The usual nonoperalive surgical procedures, comom 
carefully supervised and adequate physical therapy, 
such operations. \Yhen it is necessary and is performed, the pm 
fully directed physical therapy will prevent loss of functio 
remaining back joints and will hasten the ultimate pcovery. . 

During the last decade, physical therapy has received 
consideration by the medical profession. jNIany rathp . 
claims for its usefulness have been made within the vysjeal 

as from many sources outside the profession. Some form ot p ^ ^ 
therapy, usually requiring complicated and often expensive ^ 
for its administration, has been advocated for almost 
disease. Here again these back conditions have proved a terti 
for the so-called “physiotherapist.” 

Almost every community of any size now has one or ^ 
medical Institutions for the administration of various forms P 
therapy. Here is an actual advertisement typical of such insti 
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therefrom, and consequently injuries of the spine are liable to be complicated 
by involvement either of the spinal cord itself or of the emerging nerve roots. 
Furthermore, it is probably owing to the presence of the spinal cord that 
injuries of the spine are particularly liable to be followed by functional 
disorder. 

SIuscuLATURz. — The apparently complicated arrangement of the muscles 
of this region may be partly simplified by dividing them into separate layers. 
Of these, the first two appertain to the upper extremity, including the 
shoulder girdle, and the fourth and fifth layers are more truly spinal. 

First Layer: Trapezius, latissimus dorsi 
Second Layer: Levator anguli scapulae, rhomboids 

Third Layer: Serratus posticus superior and inferior, splenlus colli, and 
capitis 

Fourth Layer: Sacral and Lumbar Regions — Erector spinae 
Thoracic Region: Iliocostalis, accessorius, longissimus dorsi, spinalis dorsi 
Cervical Region: Cervicalis ascendens, transversalis cer\’icis, trachelomas- 
toid, complexus, biventer cervicis, spinalis colli 
Fifth Layer: Semispitxalis dorsi, semispinalls colli, multifidus spinae, ro- 
tatores spinae, interspinales, extensor coccygis, intertransversales, rectus capi- 
tis posticus major and minor, superior and inferior oblique 


At first sight such a bald recital of the different muscles as given in text- 
books of anatomy is confusing and even irritating. Let us, therefore, en- 
deavor to simplify the problem as follows: 


Fourth Layer: The "erector spinae” has a strong tendinous origin from 
the iliac crest, the sacrum, and the lumbar spines, and divides into three 
muscular masses. 

The outer — the sacrolumbalis, with its prolongations, musculus accessorius, 
and cer\’icaH3 ascendens— is attached to the angles of the ribs. 

The middle— the longissimus dorsi, with its prolongations, transversalis, 
colli and trachelomastoid — is attached to the transverse processes of the 
vertebrae. 

The inner — the spinalis dorsi, with its prolongations — is attached to the 
spinous procKses of the vertebrae. 

Fifth Layer: The greater part of the muscles constituting this layer forms 
a mass nhich fills the space between the transverse and spinous processes of 
the vertebrae, and the general direction of the fibers is oblique. The inter- 
Iransversales pass between the transverse processes of adjacent vertebrae and 
the interspinales, between the spinous processes. The semispinalis dorsi and 
colli, the multifidus spinae, and the rotatores spinae pass obliquely between 
1 ^^ processes and the vertebral spines. The more superficial 

bundles pass over several vertebrae, while the deeper bundles pass between 
adjacent vertebrae. 


Lumbar Aponeurosis.— Many cases of prolonged disability are caused by 
njuries of this aponeurosis, or, rather, by Inj'udicious treatment of such 
injuria by prolonged rest until adhesions and scar tissue have formed in 
anti about this structure or its extensions. 
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toxic; a myofascitis or arthritis is similar to muscular or joint rheumatism in 
the limbs or to a toxic neuritis. In the back there is also a large group of a 
mixed type. Posture was a predisposing cause, or injury an exciting cause, 
but the toxic element is responsible for the continuance of the trouble. 


It is evident therefore that before an adequate line of treatment can 
be developed for injuries of the back, a clear understanding must be 
had of the diagnosis and differential diagnosis of not only the trauma 
but all associated conditions which might influence the back disability. 


Anatomy of Back. — The anatomy of the back must be thoroughly 
understood if one is intelligently to treat injuries of the back. A remv 
of the regional anatomy once or twice a year is not too much to ask of 
the surgeon caring for back conditions. I am opposed to one’s becoming 
simply a “back specialist.” There is too great a tendency to interpret 
all general and local conditions in terms of back disease or injury. 
One must be a good general surgeon if he is to meet the many surr- 
eal problems presented by back injuries. Again, there are ^ 

associated injuries in distant parts of the body, in the , f, 
tremities, the abdomen (as a ruptured liver or kidney or bla ; 
requiring general surgical knowledge which cannot be met oy 
genuine “back specialist.” 


Spine. — The surgical anatomy of the spine has been w 
many excellent anatomists and clinicians. Rather than repeat 
ent features of these articles the following quotation is ta 'e 
Fisher’s book on Manipulative Surgery 

A brief reference to some special points in the surgical pLons 

spine, and to the normal range of movement possible in the diner 
thereof, is an indispensable preliminary to any discussion of tne . 
therein which are amenable to manipulation and of the mampu a jg 

involved. For the general anatomy of this complicated region 
referred to th*e textbooks of anatomy. As, however, the latter but r 
any reliable information upon the movements of the spine, a on , nvett. 
will be given, in which we shall follow the admirable observations o 
The spine is an elastic column, the strength of which depends on 
that it consists of a number of vertebrae, the degree of movem 
individual bones being slight, but the sum of movement is . ^tren‘’th 

arrangement of the spine in a series of curves also gives far greater ^ 
to the spine, for a vertical force is decomposed by the curves. 
mechanical point in the spine is where the comparatively rigid dorsa t' 
meets the more mobile lumbar portion. . , -nturies is 

The prolonged nature of the disablement following many spinal mju 
not difficult to understand if we bear in mind the extreme complexity 
region, and the multiplicity of the joints, ligaments, and muscles con 
therewith. The important fact must never be overlooked that the sp 
traverses the neural canal of the vertebrae and that important nerves 
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physiologic curve can be increased slightly, the greater part of the apparent 
movement occurring at the occipito-atlantal joint. 

Lateral Flexion . — ^As we have seen, this movement is always combined 
with a certain amount of rotation, but the lateral flexion factor is most 
marked in the lumbar zone It is interesting and important to note that when 
the spine is flexed, lateral flexion occurs at a higher level in this region, and 
at a lower level when the spine is hyperextended. 

Rotation . — In striking contrast to the lateral flexion element, the rotatory 
element is almost negligible in the lumbar region, but is most marked in the 
dorsal and cervical region. It is not difficult to understand why this should 
be so if the reader mil glance at the shape of the articular processes in the 
different zones. Here, again, when the spine is fixed, rotation occurs at a 
higher level than in the erect position, but when the spine is hyperextended, 
at a lower level. Thus, by altering the degree of fle.xion or e.\tension of the 
spine, the effect of rotation and lateral flexion can be brought to bear on 
successive spinal regions 



Fic I — ConReiutal absence of upper left trans\crsc process of sacrum Weak, back for 
years Recently suffered sbgbt injury, with marked increase in back pain 


Pathologic Conditions. — The following classification is one adopted 
by the author for the purpose of depicting the pathologic possibilities 
in the spine itself as well as those pathologic conditions which are ex- 
traneous to the spine but which may cause referred pain in the back: 

I. Congenital Defects 

A. Absence of a vertebra or portions of one or more vertebrae 

(Fig 0 

1 . Spina bifida occulta 
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Ligaments. — These are exceedingly numerous, and for their detailed d^ 
scription a textbook of anatomy should be studied. It will be sufficient merely 
to mention that not only are there ligaments which stretch between the ver- 
tebral bodies (anterior and posterior common ligaments and intervertebral 
discs), but also ligaments which connect the articular processes, laminae, 
spinous, and transverse processes. Further, there are ligaments connecting 
the heads of the ribs with the bodies of the vertebrae, and others connecting 
the necks and tubercles of the ribs with the transverse processes. In the upper 
cervical and lumbosacral region there are other important ligaments having 
special functions. 


Spinal Surgical Landmarks. — A few of the most important and essential 
of these are given. Five minutes spent in committing them to memory will 
be amply repaid. 

Root of Spine of Scapula: Interval between third and fourth dorsal spines 
Inferior Angle of Scapula: Interval between seventh and eighth dorsal 
spines 

Highest Point of Iliac Crest (Interiliac Plane): Fourth lumbar spine 
Posterior Superior Iliac Spine: Second sacral spine 
Spinal Cord Ends: First lumbar spine (transpyloric plane) 

Spinal Theca Ends: Third sacral spine 


Movements of the Spine. — The actual movements in the spine itse 
are really less than might at first sight be assumed on observing 
flexion, for a considerable amount of the apparent movement pe*''*® . 
takes place at the hip joints and some of the movement occurs between 
skull and the spine. , . 

If we are desirous of ascertaining the actual movements of the spine itse » 
some means must be taken of fixing the pelvis, and correction must be mauc 
for movement at the occipito-atlantal joint. Similarly, if exercises and passne 
manipulations are performed which are intended to act upon the spine > 
the pelvis should be fixed. 

The actual movements may be divided into flexion, extension, and a com- 
plicated movement— lateral fiexion rotation. There is no such moyemem a 
a pure lateral flexion, for a certain amount of rotation inevitably . 
panics this. Similarly, rotation is always accompanied by a certain . 
of lateral flexion. It is important to remember, however, that there is a ^ 
tion m the degree of the rotatory and the lateral flexion elements, respej 
lively, in the various regions of the spine. The nature of the movemenis 
largely influenced by the shape and the direction of articular surface^' 

Flexion {Bending Forward ). — This movement is most 
lumbar region, and is possible until the normal forward convexity is p 
tically obliterated. The movement is more marked, therefore, m the 
part of the lumbar region. In the cervical region flexion can occur until n 
physiologic curve is obliterated. Most of the apparent movement . 

really occurs at the occipito-atlantal joint. In the dorsal region foma j 
movement is very slight, but the nonnal convexity back^vard is slightly 
increased. 

Extemion {Bending Backward). —-nA^ movement is most free in fj' 
lumbar and the two lower dorsal vertebrae. Very little movement in i 
direction occurs m the remainder of the dorsal region, and in the neck tne 
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II. Postural and Acquired Defects 

A. Kyphosis 

B. Scoliosis 

C. Lordosis 

D. Spondylolisthesis 

E. Dorsal round back 

F. Posterior displacement 

G. “If the spinal column is not deviated laterally and its nor- 
mal lordotic and kyphotic anteroposterior curves are not 
exaggerated; if the spinal curves which are associated with 
the habitual posture of the Individual are not so extreme 
as to threaten or produce joint and muscle strain or disturb- 
ance of the visceral relations; if the posture is such that 
there still remains a ‘margin of safety’ which allows more 
mobility in all directions, the spinal curves and the weight- 
bearing lines of the lower extremities may be said to fall 
within normal limits for the individual under considera- 
tion.” ® 

III, Diseases of the Back 

A. In the spinal column proper 

1. Osteo-arthritis 

(a) Usually hypertrophic 

(b) Ankylosing arthritis (Striimpell-Marie disease) 

(c) May be destructive type 

(d) Of unknown infectious origin 

(e) Neisserian 

(f) Toxic, traumatic 

2. Synovitis (lateral articulation) 

3. Osteomalacia- 

4. Kummell’s disease 

5. Vertebral epiphysitis 

6. Herniation of intervertebral disc 

7. Abscess of disc 

8. Spondylitis 

(a) Tuberculosis 

(b) Osteomyelitis 

(c) Syphilis 

(d) Typhoid spine 

(e) Sporotrichosis, etc. 

9. Tumors 

(a) Usually metastatic carcinoma 

(b) Sarcoma 

(c) Giant-celled tumors 

(d) Hypernephroma 

(e) Hemangioma of vertebral bodies 
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2. Hcmivertebrac 

3. Klippcl-Fcil syndrome (absence of two or more cervical 
vertebrae) 

B. Extra vertebrae 

1. Eighth cervical 

2. Sixth lumbar 

3. Fourth lumbar 

C. Faulty angulation of fifth lumbar on sacrum — a congenital 
spondylolistliesis 
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3. Contusion of the cord 

4. Hemorrhage into the cord 

5. Tearing of the nerve roots 

(a) Brachial plexus etnilsion 

(b) Cauda equina lesions 

C. Surrounding the spinal column — ^Soft tissue injuries 
I. Strains — traumatic lumbago or myofascitis 




Fic ja— Fntture of isl cmial \ertcbra— lateral new. 
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B. Within the spinal canal 

1. Spinal meningitis 

2. Spinal syphilis 

3. Tabes dorsalis 

4. Syringomyelia 

5. Multiple sclerosis 

6 . Cord tumors 

7. Poliomyelitis and myelitis 

8. Cord changes due to pernicious anemia 

9. Extradural abscess 

10. Myeloma 

11. Vertebral artery aneurysm 

C. Surrounding the spinal column . . v \ 

1. Muscular rheumatism, myositis, myofascitis (lumbago; 

2. Psoas abscess or mediastinal abscess _ 

3. Boils, carbuncles, or abscesses wth scar tissue formaiio 

4. Osteomyelitis or tuberculosis of sacro-iliac joint 

5. Tumors of soft tissues of back 

(a) Lipomas 

(b) Pilonidal cysts 

(c) Malignant tumors 

6. Progressive muscular atrophy 

7. Neuritis 

(a) Herpes zoster 

8. Bursitis 

IV. Injuries of the Back 

A. In the spinal column proper 

1. Fractures of body or lamina ‘ 

2 . Dislocations 

3. Fracture-dislocations (Figs. 3a, 3b) 

4. Fracture of spinous or transverse process 
5 - Dislocation at vertebral costal joint 

6. Inpingement of eleventh and twelfth ribs 

7. Impingement of spinous process 

8. Sprains 

(a) Sprain-fracture at tip of transverse process 

(b) Associated with partial displacements or rotauons 

(c) Tearing off of osteo-arthritic spur 
9- Partial displacements 

/u\ atlas upon the axis 
(b) Lumbosacral 

B. Within the spinal canal 

1. Compression of the cord 

2 . 1-aceration of the cord 
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D. Sacro-Iliac 

(a) Strains 

(b) Sprains 

(c) Partial dislocation 

(d) Complete dislocation 

(e) Traumatic arthritis 

(f) Associated with fractures in the pelvic girdle 

E. Coccyx 

(a) Fractures 

(b) Dislocations 

(c) Contusions 

V. Possible Types of Associated Injuries with Traumatic 

Back 

A. Head 

1. Skull fracture 

2. Cerebral injuries 

B. Chest 

1. Fractured ribs 

2 . Penetrating wound of lung 

3. Pleurltis 

4. Injuries of scapula 

C. Abdomen 

1. Rupture of mesentery 

2. Rupture of liver 

3. Rupture of spleen 

4. Rupture of kidney 

5. Rupture of stomach or intestine 

6. Contusions of one or more of these viscera 

7. Rare injuries to gallbladder or pancreas 

D. Pelvis 

1. Fracture of pelvis 

2. Rupture of bladder 

3. Rupture of ureter 

4. Contusion of urethra 

5. Bladder and rectal disturbances 

6. Rare injuries to pelvic viscera 

E. Extremities 

r. Brachial plexus irritation, paresis, or paralysis 

2. Sciatica 

3. Paresis or paralysis 

4. Fractures in one or more extremities 

VI. Other Diseases Which May Cause Painful or Pathologic 

Backs 

A. Focal infections 
1. Tonsils 
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2. Sprains — tearing of ligaments 

3. Adhesions about the joints or in the lumbar aponeurosis 

4. Muscle changes 

(a) Tearing of muscles 

(b) Fibrositic deposits 

$. Peripheral nerve injuries near exit from spinal column 

6. Traumatic wyneck 

7. Contusions 

8. Hematoma 

9. Burns 

(a) Scar contractures 

10. Foreign bodies 

11. Penetrating and lacerating wounds 

12. Lumbar hernia 
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C. The injury may aggravate existing disease 

1. Osteo-arthritis of spine 

2. Myofascitis 

3. Tuberculosis of spine 

4. Aggravating a preexisting deformity 
(a) As in an old infantile paralysis 

It is evident from the above outline of the more common pathology 
involved in this question that the diagnosis and the differential diag- 
nosis of back injuries and back disease furnish some of the most com- 
plicated problems found in medicine. 

Diagnosis. — The gross lesions of the back following trauma, such 
as a definite compression fracture or a dislocated vertebra, are not 
difficult to diagnose provided proper attention is paid to the history 
of the injury and to the complaints of the patient, and suitable 
x-ray pictures are taken. Even in these conditions a thorough general 
examination is necessary to discover associated injuries or signs of 
associated disease, postural defects, or Infectious conditions which 
may aggravate the injury and be of great importance in the prognosis. 

Since Davis (Vol. II) deals with spinal cord injuries which usu- 
ally follow fractures or dislocations of vertebrae, conditions of this 
type tvill not be considered in this chapter. 

The less serious back traumas are far more difficult to diagnose. 
So many associated conditions, both in the spinal cord and in the gen- 
eral systemic examination, have a potential influence that it requires 
the greatest ingenuity on the part of the examiner to differentiate 
between these and the alleged trauma. 

History. — The history of the case is of the greatest importance in 
diagnosing these back injuries. If the patient is brought into the hos- 
pital following a major accident, for example, after a head-on colli- 
sion between two automobiles, the history develops potentialities for 
all kinds of major and minor injuries to the individual. Here a care- 
ful physical examination is made of the bead, neck, chest, abdomen, 
back, pelvis, and extremities, and often a catheterized specimen of 
urine is obtained to ascertain the condition of the kidneys, bladder, 
and urethra. The x-ray is brought in as a diagnostic aid as soon as the 
condition of the patient warrants. The injury to the vertebra is dis- 
covered either as the sole injury or as associated with a skull fracture, 
fractured ribs, a fractured pelvis, or other injuries. 

However, in those disabling back conditions which fail to show defi- 
nite x-ray patholog>’ or which develop several days after the alleged 
m^ury, the history assumes greater importance. How severe was the 
mjury? When was it received? Was the injury due to a direct or an 
jndircct force? Has the patient been subject to backache? Have there 
been previous injuries to the back, and if so, what was their nature 
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2. Teeth 

3. Sinus infections 

4. Acute or chronic infections anywhere in the body 

B. Aneurysm or tumors 

1. In chest 

2. In abdomen 

3. In pelvis 

C. Abdominal conditions 

1. Gallbladder disease 

(a) Referred paiyduring gallstone colic 

(b) Constant pain may be only sign of gallstones 

2. Appendicitis — especially retrocecal appendix 

3. Ulcer of stomach 

4. Colitis, especially spastic constipation 

5. Diverticulitis, especially of sigmoid 

6. Hernia 

D. Kidney conditions 

1. Pcrinephritic abscess 

2 . Kidney or ureteral stone 

3. Tnisting of pedicle of kidney — Dietl’s crisis 
£. Retroperitoneal conditions 

1. Tumors 

2. Enlarged glands 
F. Pelvic conditions 

1. Displacements of uterus occasionally 

2. Tumors of uterus 

3. Infections of adnexa 

4- Cysts of ovary — twisted pedicles 

5. Prostatic disease 

(a) Inflammatory 

(b) Tumors 

Vi:. Any of the Above Diseases May Exist at the Time or * 
Given Injury to tiie Back 

A. The injury may be only coincidental, neither aggravating 
nor contributing to the disease 

1. As in metastatic carcinoma of spine 

2. As in gallstones 

3- As in tumor of abdomen or of prostate 

B. The injury may be a contributing factor 

1. As in osteomyelitis of spine 

2 . As in Uvisted pedicle of ovarian cyst . . 

3. As in acute gallstone colic developing shortly afl^r . 

4. As in acute retrodisplacement of uterus coming 
mediately after injuiy and persisting until relieve 
manual replacement 
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into varied types of traumatic neuroses. It is sometimes extremely 
difficult to distinguish between the true organic and the functional 
condition or properly to evaluate each when there is a mixture of both 
in the same case. 

X-Ray. — T he x-ray is invaluable in the diagnosis of back injuries. 
It is too often neglected in cases resulting from rather minor accidents 
or is not resorted to until weeks or months later. The late x-ray may 
show osteo-arthritic changes or other findings, and because of the 
failure to take the earlier x-ray, one is unable to say definitely that 
this or that condition was preexistent and that it has no relationship 
to the alleged injury. 
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and when? WTiat was the position of the patient when injured— sit- 
ting, standing, bending over, or erect? Has he had recent toothache 
or tonsillitis or have teeth been pulled or the tonsils removed recently? 
Has he been subject to colds or sinus trouble? What is the condition 
of the bowels? Has appendicitis been diagnosed or an appendectomy 
performed? Has he been jaundiced? In the case of a woman, have 
there been any pelvic complaints? In the case of a man, is there a 
history of urinary or prostatic trouble? Has there been any marbe 
loss or decided gain in weight recently? Has there been any foot rou 
ble or pains in the calves of the legs or thighs? is the esac 
nature of his or her work? Has there been any recent chjinf “om 
sedentary to heavy occupation? What have been the past i n s 
What is the family history? _ . , 

These and every other possibility which might throw light p 
the alleged back disability must be delved into in the lustoiy. 


Physical Findings. — ^The complete physical examinaU 
equal or usually greater importance. If the case is ^ ^ 

accident, the examination starts with the bead and mem , . 
part of the body that might have been injured, followed by 
routine examination as soon as the condition of the ^ ^ 

If the patient complains of back disability from ...yng 

the injured part is first examined and this is followed by a p . 

complete, general examination. Each physician should deve p 
routine for this or any other examination in order not to ove 

If the patient is in bed, it may be difficult to turn bim 
examination of his back, but this should be done, li at a P 
care being taken to avoid undue pain of movement or . .j jg 
increasing his trauma. If the case Is ambulatory, 
best started with the patient sitting on a stool. Later he s 
and, finally, he should be in the prone position on the ® 

Close but unobtrusive observation of the patient shou 
during the taking of the history, while he is undressing, a 
the examination. Often data will be obtained in this way " 
be invaluable in arriving at a true diagnosis. fompres- 

In the case of a severe trauma to the spine, for ^.y^osis if 

sion fracture, one seldom encounters signs or symptoms ol n 
it has been properly treated. On the other hand, the signs an 
toms in some of these less severe back injuries are so 
difficult for the patient to express, or give such jejan to 

that there is too often a tendency on the part of the P^y® 
classify the case as one of traumatic neurosis. Hnquestionaoiy 
back injuries, due to failure to receive relief after many cna ^ 
physicians and in the lines of treatment, or due to •- sufier- 

a “broken back,” or due to a desire for compensation for tnei 
ing, abetted frequently by overxealous relatives or la^vyers, do 
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x-ray, both views being taken within two to four weeks and still 
another being made within a few weeks thereafter, if necessary. Too 
often the compression fracture will not show on the first films but 
the compression gradually occurs due to movement or weight-bearing, 
and the later film reveals the true condition. In the case of persistent 
trouble, the second, third, or even the fourth film will be the only 
means of diagnosing the traumatic arthritis or the secondary tumor 
that, rather than some minor injury which was coincidental, most 
probably was the original cause of the back pain. 

The following case reports illustrate these points concerning x-ray 
examination; 


Case t. — Dr, T., aged 52, attended a medical meeting. When he sat down, 
the chair slid from under him. As he fell forcibly to the floor, the back of the 
chair struck him in the mid-dorsal region. He was immediately in excruciat- 
ing pain and was earned to a couch in the anteroom. As soon as the essayist, 
a noted surgeon, was through, he went to the injured doctor, e.xamined him 
through his shirt, felt a swelling over his mid-dorsal spine, and advised that 
he be taken to the essayist’s hospital at once for what was most probably a 
subluxation of a dorsal vertebra. The patient was moved to this hospital 
and early the next morning x-ray pictures— both views — were made of his 
spine. An hour later the surgeon and the roentgenologist came to the patient’s 
room, bringing the .x-rays with them, and told him that nothing was broken 
or dislocated in his spine and that he would be all right after a few days' 
rest. No further examination was made by this surgeon. The doctor suffered 
severely and required morphine for four or five days. He had a special nurse 
who rubbed his back but otherwise no treatment was given. At the end of a 
week the patient called an excellent internist. He examined the patient 
thoroughly and also examined the x-rays. His findings rexealed almost com- 
plete absence of breath tones in the left chest, tenderness over the mid- 
dorsal vertebrae, a spasm of the muscles on attempted deep breathing, and 
an extremely nervous individual. During the second week the surgeon began 
to plague the doctor about being a “neuro” and the latter sensed this to be 
the feding of most of the hospital staff. Therefore, on the advice of the 
internist, he left the hospital on the fifteenth day, going to his home. On the 
sixteenth day, fearing that perhaps be was a “neuro,” this doctor got up and 
dressed and went to his office in a taxicab. He could hardly stand the 
jolts of this ride and after a few hours in his office he collapsed. The pain 
w-as extreme and he could hardly breathe. He was taken home and the 
internist was called, who again found a spasm of the back and chest muscles 
‘lie Ifast effort at deep breathing. He ad\-ised the doctor to remain in 
bed. The internist again visited the hospital and examined the old x-rays 
but could find no sign of injury to the xertebrae. The doctor reniained 
m bed for a month, although after a week he could be helped to the toilet 
internist agreed with the original surgeon 
u . .u * ^ neurosis His opinion was strengthened by the fact 

planned a lawsuit against the hotel where the meeting was 
held holding a defecthe chair responsible for his injuries. “ 

Jlie aulhor to see this doctor, stat- 


ing that while he was a “neuro," yet he misht havi 


e some injury to his back. 
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Always x-ray the spine at the site of the alleged injury when the 
patient first presents himself. If the site of the injury is not definitely 
localized, x-ray well above and below the injured part. In many cases 
it is safer to x-ray the entire spine. 

It is still necessary to emphasize and reemphasize to the profession 
the importance of taking both an anteroposterior and a lateral vkis 
of every spine requiring an x-ray, no matter whether for an injury or 
for a suspected disease. Hardly a month goes by that I do not see one 
or more patients with a definite vertebral injury who has been in the 



Fjc 4b— Same case with lateral made three weeks later showing marked com- 
pression fracture of rath dorsal vertebra. 


hands of some other physician and who has had an x-ray examinahW 
yet, when he is x-rayed at our hospital, the lateral views shown c 
pression fracture. Asking for and examining the first x-ray fife 
find that only an anteroposterior view had been made. This 5' 
take the lateral view accounts for far too many failures in tliagn 
and far too many cases of prolonged back disability due to inadequate 

treatment (Figs. 4a, 4b). 

Again, if the first x-ray piaure is negative and yet the S'S"® “"j 
symptoms of injury persist, one should always resort to a second 
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The doctor was rather difficult to treat but gradually recovered from his 
pain and discomfort under rest, heat, massage, and a body corset. 

This case illustrates the failure to secure a complete history or to 
give sufficient weight to certain facts in the history; the failure of the 
original surgeon to examine the patient thoroughly; the failure to take 
a second x-ray when the signs and symptoms persisted; and finally, 
the failure to treat the case adequately because of failure properly to 
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It took three-quarters of an hour to secure a complete history from the 
patient. Examination showed a dcrinitc knuckle deformity over the eighth 
dorsal vertebra. He had several variable tender vertebrae, but the tenderness 
was always constant and marked on pressing over this eighth dorsal. At the 
writer’s suggestion he was taken to St. Luke's hospital the next morning 
for an x-ray and possible treatment. 

The x-ray examination the next day showed in both views a very marked 
compression fracture of the eighth dorsal vertebra (Figs. 5a, 5b). ^ter I ex- 
amined the original x-rays and agreed that they failed to show this fracture. 



Fig sa— Lateral Mew pf first x-raj laLen the day followins the injury an*! shoHUig 

no fracture 
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The doctor was rather difficult to treat but gradually recovered from his 
pain and discomfort under rest, heat, massage, and a body corset. 

This case illustrates the failure to secure a complete history or to 
give sufficient weight to certain facts in the history; the failure of the 
original surgeon to examine the patient thoroughly; the failure to take 
a second x-ray when the signs and symptoms persisted; and finally, 
the failure to treat the case adequately because of failure properly to 
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It took three-quarters of an hour to secure a complete history from the 
patient. Examination showed a definite knuckle deformity over the eighth 
dorsal vertebra. He had several variable tender vertebrae, but the tenderness 
was always constant and marked on pressing over this eighth dorsal At the 
writer’s suggestion he wms taken to St. Luke’s hospital the next morning 
for an x-ray and possible treatment. 

The x-ray examination the next day showed in both views a very marked 
compression fracture of the eighth dorsal vertebra (Figs. 5a, sb). ^ter I ex- 
amined the original x-rays and agreed that they failed to show this fracture. 



Fio o( f.,si x lalm th. day (ollomns Ih. .niorj’ 

no fracture 
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Traumatic Lumbago, Myofascitis. — The differential diagnosis 
between the traumatic back and certain diseased conditions is not 
always easy but is of prime importance both in prescribing treatment 
and in those cases of a medicolegal character where the honest opinion 
of the surgeon is necessary in deciding between liability and non- 
liability, compensation and noncompensation. 

In the case of a slight injury followed by a painful low back, the 
question as to whether this is a “rheumatic lumbago” or a “traumatic 







Fic 6— Lateral view of spine in case of Mr. B showing compression fracture of first 
and third lumbar \ertebrae 

lumbago” is answered with difficulty. Muscular rheumatism or a myo- 
fascitis very frequently attacks the erector spinae muscles. If the 
patient states that he was lifting when the attack suddenly started or 
that he was carrying a heavy desk with a fellow employee who dropped 
nis end of the desk, throwing all the weight of the desk upon the 
patient, or that he slipped upon some grease while walking through 
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diagnose the condition. The mistake of calling him a ‘'neuro” is the 
usual mistake when all these failures are present. 

^ Case 2. — ^Mrs. M., aged 40 > married, sustained a fall of little consequence 
m March, 1929, Approximately two weeks later she complained of pain in 
her lower back. A good surgeon Avas consulted and after obtaining this hhtory 
of falling and after examining her and finding pain and tenderness near the 
left sacro-iliac region, he had an x*ray picture made. This was negath-e. The 
diagnosis of sacro-iliac sprain was made and the patient was treated with 
heat, massage, and strapping. The pain persisted and finally, after five 
months of treatment without relief, the surgeon made another x-ray esam* 
ination. This film showed a marked metastatic carcinoma of the left ilium, 
near the sacro-iliac joint. 

Together with the surgeon, I saw this patient and helped to ej^lain (0 the 
husband that his wife had a hopeless, incurable condition and tried to mahe 
him understand why it showed in the second x-ray when It did not show in 
the first one. Of course, the condition could have been discovered earlier by 
the principle laid do^vn above, viz.— 1/ a condition ptnhls and the prst x-rayi 
lucre negative, repeat the x-ray xeithin four weeks and repeat aiain jev 
weeks, if necessary. 


Case 3.— Mr. B., aged 60, an engineer, fell from his engine and 
back across a rail. He was carried to his home and the doctor was called- 
Examination was negative, but the doctor suggested that if the patient was 
^11 in ]»in the next morning, he would take him to the hospital for an x-ray. 
'rae next morning, however, the patient was better and no x-ray was tai-en 
then or at a later date. After a week this patient got out of bed and lim^ 
around the house and yard but always complained of pain in his spine when 
he tried to get up from bed or from a chair and again when he tried to si 
down. After six months he was sent to me for an examination, with the 
statement from his doctor that the old man was making too much out of nis 
injury and wanted to gel a pension. 

The history was important, namely, the fall across the rail. The patien 
acted perfectly natural and showed none of the earmarks of exaggerating 
his complaints. The examination showed a definite spasm of the musdes m 
the lumbar region when he attempted to rise from the sitting position Palpa- 
tion over the vertebrae showed no variable points of tenderness but always a 
constant point of tenderness over the third lumbar vertebrae. The x-ray 
pamination confirmed my diagnosis of compression fracture of the thir 
lumbar vertebra. There was also a compression fracture of the first lumban 
These fractures, however, did not show upon the anteroposterior view and 
without the lateral view would have been missed (Fig. 6). 


The failure to take an x-ray here resulted in a wrong diagnosis and 
later to the patient’s being called a "neuro” or exaggerator. 


Differential Diagnosis. — One must be alert to discover diseased 
conditions of the spine which simulate, in their early stages at least, 

trniimnttr hr>rl- ' 
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Examination showed an old man who was definitely suffering pain. The 
back examination ^\’as negative except for some limitation of motion that 
could easily be due to osteo-arthritis, and for a definite, constant point of 
tenderness in the region of the fourth lumbar vertebra. The rectal examina- 
tion revealed an enlarged, indurated prostate that Mas undoubtedly malignant. 

X-ray examination showed a destructive process in the body of the fourth 
lumbar vertebra. 

Diagnosis was readily made of primary carcinoma of the prostate with a 
secondary growth in the vertebra. 

The complete physical examination, including the rectal examina- 
tion, combined wth the later follow-up x-ray examination, made it 
possible to differentiate this from an accidental or traumatic condition. 

It likewse saved the village of R a considerable sum of money 

when suit was brought to collect damages for the alleged accident. 

Disproving Alleged Stiffness. — I have mentioned the importance 
of unobtrusively observing a patient carefully during the examination. 
Occasionally a patient Mill complain of stiffness in the back and during 
the examination will show definite limitation of flexion movement. 
When the examination is completed, see that the patient’s clothes are 
lying on the floor. Tell him to dress and then apparently leave the 
examining room or otherwise seem to pay no attention to the patient. 
Occasionally such a patient will lean over and pick up his clothes, 
showing that now that the examination is over his back is not nearly 
so stiff as it was during the examination. 

One of my favorite ways of disproving an alleged stiffness in the 
back is the following: I slip on a glove and tell patient that I want to 
make a rectal examination. The patient is placed in front of a low 
table or chair; finger is inserted in the rectum and of course it is 
painful; patient is told to lean over the table or chair and it will not 
be so painful. The exanunation is kept up until the patient has flexed 
his back equal to any normal flexion. These and many other methods 
can be adopted to prove the neurosis or malingering cases. 

Diagnosis has been considered at length before taking up the prob- 
lems of treatment because of the surprisingly large number of these 
back injuries which receive various lines of treatment although no 
definite diagnosis of the real condition has been made. I have seen 
many patients who should have been in bed at absolute rest, going 
daily to a doctor’s office for physical therapy treatment, namely, 
quartz light treatment, or more often, diathermy, or in some instances, 
baking and massage. Some of these patients have had compression 
Iractures undiagnosed. Other patients with trivial injuries have been 
kept in bed for weeks, or fitted wth a Taylor belt or given physical 
therapy treatments, usually light or diathermy, and have developed 
true neuroses chiefly because of overtreatment. Therefore one cannot 
J^ite concerning the traumatic back without emphasizing the imnor- 
tance of diagnosis. The two must go hand in hand. 
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the factory; if there were witnesses to this slight accident; and finally, 
if the examination reveals a definitely lame back, then it is practically 
impossible to disprove the injury element. Even if there is a past hiS' 
tory of lumbago and the findings are definitely those of lumbago, the 
slight accident can be held ‘ ^ ...j-. 

tion. On the other hand, if ' 

when arising from bed or i 

Saturday afternoon of help ^ / 

of accident seldom arises and the case is clearly one of “rheumatic 
lumbago.” As a rule, both conditions are exactly the same. In these 
indefinite back conditions the question of injury would not be raised 
so often if an accident insurance policy or an employer’s liability law 
was not involved. 

Posture, Body Mechanics, Feattoot.— In all cases of back injury 
or backache, especially in the low back pain, the surgeon must search 
for faulty posture, poor bodily mechanics, and such defects as flatfoot. 
A third degree flatfoot is very frequently the active etiologic factor m 
the alleged traumatic back, the slight injury being only the exciting or 
contributing cause. Months of prolonged treatment in such cases may 
be avoided by discovering and stressing the treatment of the natioot 
condition. 

Tuberculous Spondylitis. — This may be the cause 
and disability for which some trivial injury is held responsible, 
appearance of a psoas abscess may be the first indication which tae 
patient develops to show the true condition. 

Ki}MMEI.i.'s Disease,— Kummell’s disease, or the development of a. 
traumatic spondylitis months after the injury, must be differenliateo 
from the tuberculous spondylitis and from the osteoporotic type o 
arthritis. ^ . , 

In those regions still subjected to typhoid epidemics the “typnoia 
spine” must likewise be considered in a differential diagnosis. 

Metastatic MALioNAucy.— This has already been mentioned. The 
spine is a very frequent site lor these metastatic malignancies, tar y 
the x-ray may be negative, but one must persist in the x-ray 
the spine whenever the possibility of this condition is known to exi 
or can be suspected. 

Case 4. — M. T., 63 years old, slipped on the ice while working 

vithge of R . He completed his day's work but the next day naa u 

in his back and therefore went to the village physician. An x-ray 
but was negative. His back was strapped. Pain persisted but he «s anie 
wort off and on for a few weeks and then was forced to quit. 
months tollomng this alleged accident he was referred to me for 
and opinion as to whether it was a traumatic back, and for sugEe™ 
as to treatment. 
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If you have no physical therapy department, get one. Do not refer 
your cases to nonmedical physical therapists or to unsupervised tech- 
nicians, or to the club gymnaaum or to similar places where you lose 
the essential control of the patient and the more essential continued 
interest in his recovery. 

Spinal Fractures with Cord Injury 

Fractures should be divided into those cases having signs and symp- 
toms of cord injury and those without cord injury. 

Davis (Vol. II) deals wth fractures involving the cord, and, there- 
fore, these will not be considered here. However, one cannot refrain 
from pointing out the importance of using physical therapy methods 
in such cases. Many of these cases seem hopeless, even after an early 
laminectomy. Nevertheless, a certain percentage of the hopeless cases 
do recover. Nothing is more pitiful than to see a patient with a 
fractured back accompanied by paralysis gradually regaining some 
power in his legs and yet unable to walk, even with crutches, because 
his feet have been allowed to ankylose in an extreme equinus position. 

Treatment. — A laminectomy is important, but the after-treatment 
of these cases is equally, if not more, important. Within the first 48 
hours some method of protecting the feet from the disabling foot-drop 
position is essential. One can use sand bags or, better, a padded splint 
fitted to each foot \fith an elastic extending from the top of the splint 
to the leg just below the knee where It Is attached by a small piece of 
tape. 

Within the first week, light stroking massage of the extremity, from 
the foot to the hip, should start. This should never be a heavy massage, 
lest one injure the blood vessels now so poorly protected by the 
paralyzed muscles. As time goes on, the firmness of the massage may 
increase. This can be judged by the tone of the muscles. 

Muscle-training exercises, similar to those described in the chapter 
on infantile paralysis (Legg, Vol. II) and in the chapter on brain and 
spinal cord lesions (Davis, Vol. II), should start not later than the 
second week and should be persisted in for months or until the patient 
can begin to exercise and train his o^vn muscles. WTien this stage is 
reached, occupational therapy planned for a definite purpose will be 
helpful in improving function. The swmming and underwater exer- 
cises so well described by Lowman (Vol. Ill) can be utilized in these 
cases to great advantage. 

The following two cases will emphasize the above points: 

Case 5. — M. T., aged 40, suffered a compression fracture of the first 
umbar vertebra with immediate paralysis of both lower extremities. A 
laminectomy was performed. The patient then lay in bed for eight months 
K w V ® was transferred to a wheel chair. At the end of a year and a 
naif, he entered the surgical service at St. Luke’s hospital, under the care 
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Physical Therapy Axioms for Back Treatment 

Given a trivial injury in a nervous individual who shows a tendency 
to exaggerate his condition, one can often rub in more disabling con- 
ditions in a week than he can rub out in a year. 

In such an individual, as well as in other neurotic types, one can 
employ diathermy, quartz lights, infra-red bakers, and similar appa- 
ratus to the extent of impressing him with the seriousness of the 
situation and thereby aggravating the neurosis. 

The fitting of a back brace or a sacro-iliac belt is occasionally 
indicated in certain cases, but in many others such a procedure is 
equivalent to dooming the patient to a life of invalidism. 

It is often more difficult to get patients who have recovered from 
back injuries to give up their back braces than it is to get some old 
fractured cases to give up their crutches. . , 

If a patient is a compensation case, the back brace often is m 
etiologic factor in a compensation neurosis. The “railway spmes 
yesterday have been replaced by the “traumatic neuroses’ of 
Given an ambulance-chasing lawyer and bis medical cohort 
such a case tvith a cumbersome back brace and you have a com \ 
tion hard to beat. . * ♦ «v,p 

The spine is made up of numerous joints which are ^djaceiu to 
twx) large sacro-iliac joints. Iramobilize these joints for any lengi 
time and stiffness is bound to follow. Massage and exercise , 
two best means of combating ankylosis here as well as in J 

He who treats back injuries must know or have access to mtei g 
physical therapy. ^ v i can 

Machine therapy alone is not intelligent physical therapy. . 
turn a “light” on these old back cases from now until doomsday 
out any effect. . 

If desirable, use a light or diathermy machine to heat the 
follow this with massage, muscle-training exercises, and graa 
doses of work if you want a cure. , 

Physical therapy in 90 per cent of the cases consists o* 
of trained hand work and of ability to get the patient to help 
In the other 10 per cent of the cases it may be necessary to con 
with these some form of machine therapy. . . ...g 

Common sense and judgment are essential qualifications m u $ 
prescribing physical therapy. . to 

“A little knowledge is a dangerous thing” is especially app 
a technician. A talkative technidan or one wedded to a 
operandi may drop a remark, make a suggestion, refuse to JopP 
because her method is better, or otherwise sow seeds of 
dissension in the patient’s mind to the extent of nullifying the oei 
of the physical therapy treatment. ^r- 

A trained technician may administer, but the surgeon must sup: 
vise the physical therapy treatment. 
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of Dr. Holmblad. The patient could move his legs, but the lower extremities 
were entirely and markedly atrophied. The knees could be flexed with slight 
assistance. The feet, however, were clawlike and were fixed in an exaggerated 
equinus position. If the patient was held in an upright position, his weight 
rested directly on the tips of his toes. Dr. Holmblad fitted leg and thigh 
braces on this patient with a caliper arrangement which held the feet just off 
the floor when the patient rested his weight on the base of the calipers. Daily 
massage, muscle-training exercises, and lessons in walking with the aid of 
crutches and the braces comprised the plan of treatment. The patient im- 
proved in strength but mil probably never be able to do without his braces 
and walking calipers. This is the picture of the patient who received good 
surgical treatment as far as the laminectomy was concerned, but extremely 
poor or no surgical after-care (Fig 7) 

Case 6 — On visiting a hospital in a nearby city I was invited by the sur- 
geon to inspect the ward cases He showed me a male patient 50 years of 
age who had suffered a fractured vertebra with cord compression some ii 
months previously. A laminectomy had been performed. The patient was in 
good condition but the paralysis of the lower extremities was still complete. 
A marked foot drop was present and it was impossible to dorsiflex his feet 
manually. This patient, even though he should recover, w’ould be doomed to 
be a bed or wheel-chair invalid the rest of his life This surgeon stated that 
he did not take much stock in physical therapy. 

Recent Trauma of Spine without Cord Injury 

Recent injuries of the spine without cord lesions can be divided into: 
(a) compression fractures of the body, (b) fractures of the transverse 
processes; (c) fractures of the laminae and arches; (d) fractures of 
the spinous processes; (e) dislocations and subluxations; (f) fracture- 
dislocations, (g) sprains, strains, vertebral locking, etc. 


COMPRESSION FRACTURES 

Compression fracture of one vertebral body is the commonest type. 
It may be accompanied by similar fractures in other vertebrae or by 
associated fractures, such as fractures of one or more transverse 
processes. The usual mechanism is a forcible flexion of the spine, caus- 
ing a crushing of the anterior portion of the body. At times there is a 
forward^ displacement of a small wedge of the body of the vertebra. 

The immediate surgical treatment of this condition varies from 
absolute recumbency to operative fixation by bone transplantation 
across the site of the fracture. Between these two extremes many 
methods of repair are recommended. 

Personally, I have seen very few compression fractures of the spine 
m which I felt that either an Albee or a Hibbs operation or any other 
W of bony fixation was indicated. Dixon, of Kansas City recently 
advocated, m a clinical meeting, more operations early in these cases 
claiming that better end-results followed in his operative cases thari 
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of Dr. Holmblad The patient could move his legs, but the lower extremities 
were entirely and markedly atrophied. The knees could be fle.xed with slight 
assistance. The feet, however, xs-ere clawltke and were fixed in an exaggerated 
equinus position. If the patient was held in an upright position, his weight 
rested directly on the tips of his toes. Dr. Holmblad fitted leg and thigh 
braces on this patient with a caliper arrangement which held the feet just off 
the floor when the patient rested his weight on the base of the calipers Daily 
massage, muscle-training exercises, and lessons in walking with the aid of 
crutches and the braces comprised the plan of treatment. The patient im- 
proved in strength but %vill probably never be able to do w’ithout his braces 
and walking calipers. This is the picture of the patient who received good 
surgical treatment as far as the laminectomy w'as concerned, but extremely 
poor or no surgical after-care (Fig. 7). 

Case 6. — On visiting a hospital in a nearby city I was invited by the sur- 
geon to inspect the ward cases He showed me a male patient 50 years of 
age who had suffered a fractured vertebra with cord compression some ii 
months previously. A laminectomy had been performed. The patient was in 
good condition but the paralysis of the lower extremities was still complete. 
A marked foot drop was present and it was Impossible to dorsiflex his feet 
manually. This patient, even though he should recover, would be doomed to 
be a bed or wheel-chair invalid the rest of his life. This surgeon stated that 
he did not take much stock in physical therapy. 

Recent Trauma of Spine without Cord Injury 

Recent injuries of the spine without cord lesions can be divided into: 
(a) compression fractures of the body, (b) fractures of the transverse 
processes; (c) fractures of the laminae and arches; (d) fractures of 
the spinous processes; (e) dislocations and subluxations; (f) fracture- 
dislocations; (g) sprains, strains, vertebral locking, etc. 


COMPRESSION FRACTURES 


Compression fracture of one vertebral body is the commonest type. 
It may be accompanied by similar fractures in other vertebrae or by 
associated fractures, such as fractures of one or more transverse 
processes The usual mechanism is a forcible flexion of the spine, caus- 
ing a crushing of the anterior portion of the body. At times there is a 
forward displacement of a small wedge of the body of the vertebra. 

The immediate surgical treatment of this condition varies from 
absolute recumbency to operative fixation by bone transplantation 
across the site of the fracture Between these two extremes many 
methods of repair are recommended 

_ Personally, I have seen very few compression fractures of the spine 
in which I felt that either an Albee or a Hibbs operation or any other 
type of bony fixation was indicated Dixon, of Kansas City recently 
advocated, m a clinical meeting, more operations early in these 
claiming that better end-results followed in his operative cases than 



qn rChapter 16 
Lvolume II 


Physical Therapy in Back Injuries 

in those treated by closed methods. Chandler, of Chicago, has recently 
published an article advocating a bone transplant or a Hibbs operation 
in certain obscure fractures of the lamina."* He claims that many cases 
of persistent back pain are due to these fractures of the lamina which 
are extremely difficult to demonstrate by x-ray and are, therefore, 
frequently overlooked. Other excellent surgeons have strongly advo- 
cated open operations. The preponderance of opinion still favors the 
more conservative, closed method of treatment. 


Treatment. — The principles of treatment governing these compres- 
sion fractures are: 

(a) Correction of the deformity by hyperextension of the spine 

(b) Immobilization: by recumbency in bed with some device to 
maintain the hyperextension; in a body cast, with recumbency, 
rest in bed and traction; a body cast that allows the patient to 
be ambulatory; or a specially built back brace 

(c) Immobilization and rest for a variable period, ranging from 
eight weeks to six months 


Walsk's Method. — Walsh, of Pittsburgh, has long advocated the 
hyperextension treatment of these vertebral fractures and has devel- 
oped a special bed which can be raised in the middle, thus giving 8 
position of hyperextension to the recumbent patient. Davis, of hrie, 
has developed a procedure which he claims will overcome the compres- 
sion deformity of the vertebra and restore its body to normal ali^* 
ment. This method consists of placing a sling about the feet, wtn a 
rope or strap passing from the sling through a pulley in the 
the anesthetized patient lies face downward, and as his feet and leg 
are raised in the air, his weight rests upon the upper chest. Manipu a- 
tions^ of the spine are made with the patient in this 
position. A plaster bed is then applied directly to the patient while 
is still in this position. Later this cast can be bisected and the oac 
half removed to permit massage. 

Jones' Method. — R. Watson Jones,* of Liverpool, describes a 
method of securing hyperextension and of immobilization of 
fracture, as follows: 


Not only is a general anesthetic quite unnecessary, but the position re 
quired can be maintained much more easily by a conscious than by an a • 
esthetized patient Although complaint is made of aching and discomfort m 
the arms where the weight of the trunk is borne, none of the patients com- 
plain of pain m the back, so that we have not thought it necessary to adopt 
Bohler s suggestion of injecting novocaine locally. One-quarter or one-third 
of a gram of morphine is given half an hour before. , 

Two tables are arranged end to end. with a space between slightly gr^ 
than the length of the patient’s trunk. The front table is raised on blocks 
or chairs so that it is about two feet higher than the other; although not 
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essential, it is an advantage to use an operating table of adjustable height, 
so that the hyperextension can be attained gradually by screwing up the 
table after the patient is in position. Throughout the treatment, flexion of 
the spine must be avoided The patient is therefore lifted face downu'ard 
on to the lower table, and a double layer of stockinette pulled over the trunk 
and stitched over the shoulders and beneath the perineum. The spinous 
processes and the iliac crests may be further protected by small pads of 
adhesive felt, but it is essential that the plaster should fit very closely; bulky 
padding %\ith wool or felt is to be avoided. A closely fitting woolen bathing 
costume is an excellent substitute. 

The patient is now assisted into such a position that he is gripping the 
edge of the higher table mth his abducted arms, the head resting on a small 



Fic 8a — E«mple of Jones’ reduction of compression fracture of spine 


pillow. The lower table supports his lower limbs as high as the upper thigh, 
but between the groins Sc- t_ 4i.*- — , 

is unable to prevent h ■ > 

(Fig 8a). The plaster 

the spine, the sacrum, and iliac crests. The rubbing in of layer after layer of 
plaster gives just sufficient pressure to insure that the normal limit of hyper- 
extension has been reached; beyond this no manipulation of any sort is 
employed. The plaster should extend up to the neck, and although it may be 
cut out below each axilla to allow free arm movement, none must be removed 
from the front of the thorax (Fig. 8b). It extends well over the sacrum and 
down to the level of the trochanters and symphysis pubis, with a small area 
over each groin to allow flexion of the hips. If the plaster cast is a 
good, closely fitting one, it is not necessary, even in lumbar fractures to 
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include either hip, and wc strongly deprecate the suggestion that these 
patients should remain recumbent in a plaster bed or frame. 

As soon as the plaster is dry, the patient is encouraged to move about in 
bed and is turned frequently to avoid pulmonary congestion. Wasting and 
hypotonicity of the spinal musculature must be avoided. From the second or 
third day in uncomplicated cases definite exercises for the erector spinae are 
practiced at regular intervals. The patient should lie prone and lift the head 
from the bed against resistance. Each lower limb should be lifted with the 
knee straight by hypcrextending the hip. These exercises involve energetic 
contraction of the erector spinae, and despite the plaster jacket a patient can 
maintain a belter muscular tone in this way than he could if any amount ot 
massage and electrical treatment were possible. ^ ♦ i 

After 10 days the patient may get up and walk for increasmg mterva s. 
We regard this as a very necessary part of the treatment, not only * 
still further assists in maintaining muscular tone and establishes the 
circulation which is essential for rapid union, but because it 
patient’s mentality to normal. The sooner a man is dispossessed or the ^ 
that “his back is broken" and that he “will never walk again, t e 


certainly is subsequent functional disturbance avoided. 

Protection of the vertebrae is necessary for four months. If wer 
being constantly practiced, the plaster should be retained for the w 
this time. After i6 weeks, movements of the spine itself are . .v',- 

■ ■ ’ • ■ • ,rraal circulalion have 

• ■ full movement. Manipulalion to break doffl 
• t, as a rule, be necessary. Withm six mont 
the patient should be capable of resuming his normal occupation. 


While as yet I have not had the opportunity of trying this method, 
it sounds simple, safe, and very rational. ^ 

HempeVs Method, — Other authors have describ^ "^tive trea*t- 
treatment which combine exercise and massage found 

ment of the fracture. Hempel,® for instance, believes that ^ j^ient 
a way of overcoming the objections against other methods o 
hitherto employed. ^^Tlen there is no injury of the spinal 
patient is laid on a hard, smooth mattress, at first lying on 

and, after a few days, on his stomach so that he can prop 
his elboxvs. To make certain that sinking of the mattress c ^ 

place, boards are placed between it and the bed -des are 

the pain caused by the fracture has ceased, the back mu 
massaged (the patient lying on his stomach), and of 

the patient is permitted to crawl on all fours as a regtdaiea) 
exercise. Having become proficient in this exercise, the . js to 

permitted to stand, and lastly, to sit. The object of the gpjual 

secure perfect anatomic and functional restoration of tn 
column without injuring the spinal cord. 

Mock's Method. — By the methods which I have used 
these compression fractures, the marked restoration of the o 
vertebral body that has been pictured by other methods has no 
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been secured, yet the functional results havx*, in the majority of cases, 
been very good. Various methods are used, depending upon the given 
case, thus: 

Rest in bed with traction to head and lower extremities, or traction 
and countertraction by elevating one end of the bed. A sand bag or 
firm pillow is placed under the back at the point of fracture to secure 
hypere.xtension. 

Rest in bed with hyperextension only. In either of these methods, 
the rest in bed persists for 8 to 12 weeks, depending upon the extent 
of the injury 


ric 9c — Same patient turned from Bradford frame on to a cart. Note the hyper* 
eMension ol thu spine maintained by pillows placed on the carl and holding chest in 
raised position This transfer to the carl is performed daily for the purpose of gi\ing 
massage to the back muscles. , 


Usually a Bradford frame is employed. It is bent in the region 
of the fracture so as to give a marked convexity to the firm canvas 
bed, thereby providing the desired hyperexlension. The frame can be 
provided with a removable strip of canvas at the buttocks, to facilitate 
the use of the bed pan. The patient is firmly attached to the Bradford 
frame by wide flannel binders. Thus, by turning the frame from side 
to side, the position of the patient can be changed while he maintains 
his hyperextension, and thus the feared pulmonary complications are 
prevented. After four weeks, the patient can be turned completely over 
on the frame, to lie prone upon the mattress. The mattress has suffi- 
cient pillows to raise the upper portion of the chest, thereby maintain- 




30 ii Physical Therapy in Back Injuries 

ing the hyperextension. In this position the patient can be taught 
exercises, such as pushing his chest backward by supporting himself 
upon his arms, the amount of hyperextension being thereby increased. 

If the bed has been sufficiently padded and adjusted wth pillows, the 
Bradford frame can be removed and massage can be given to the back 
muscles. This procedure can be repeated daily after four weeks, and 
the amount of hyperextension exercise and the strength of the massage 
can be increased daily. The frame is then reapplied and the patient is 
turned back into a recumbent position. 

Almost from the beginning of this treatment, massage of the 
ities, abdomen and chest, and supervised exercises of the ^ 
lower extremities can be instituted. The technician ,f 

a considerable portion of the back without unduly distu g 
hyperextension position of the patient by sliding her » , , 

either side, between the patient’s back and the canvas 
frame. After four weeks, the amount of massage and exercise (^n 
increased, as described above. After six to eight weeks, ^ 
usually be lifted from the frame on to a y.„ niocine 

is well to prevent this mattress from sagging m the ^ mtient 

boards across the bed under the springs. At tlus 
should be taught to turn over in the prone *ihows or 

under his upper chest, to exercise by raising on b s 

arms, and again, by hyperextending his thighs. These e 
maintain and increase the amount of hyperextension o 
After eight to ten weeks, the patient can be allowed to ® 
for short periods and to exercise by bending forward, g 
stituting the flexion exercises. These should be careful y s s 
at first, and should follow the massage treatment (Figs, 

In from lo to 12 weeks the patient can usually be s^cun yjjgj 
chair with weight-bearing starting at the end of 12 ' jgghave 

symptoms of pain and signs of muscle spasm and sensitive 

» / practically never, is a belt or hacK 

Sot another four to eight ““j 

. ■ ■ - . massage and “erase are 

in, and home work is started. By the end of six montns, 
of these cases can be back at their employment, even at n of 

This treatment is based upon maintaining as large •nrithout 

function in the joints and musculature of the back as possi ^ 
further compression of the fractured vertebra, with of 

tion as possible of the form of the vertebra, and with nr *hick- 

the fracture The prevention oi m 

ening and ■ contraction of 

eurosis, an , . _es in the . further 

atrophy from disuse is held of equal importance to prevenu b 
compression and to securing good healing of the orsistence 

amount of these changes is bound to occur, therefore the P ^g Is 
in the massage and exercise until all such changes are ov 
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extremely important. It is very easy for such a patient to begin to 
hold the back muscles more or less rigid, to develop faulty posture, 
and othenvise to undo the early efforts, if supervision stops too soon. 
Heat, of course, is an excellent adjunct to the massage and should 
precede it. Hydrotherapy in the form of hot tub baths is also effi- 
cacious before the massage. 

All fractured vertebrae do not fall into the class of the cases just 
described. Some of them seem to recover completely \nthout any treat- 
ment, while others continue to have symptoms in spite of the most 
careful supervision. The surgeon must use his judgment in the handling 
of each individual and will find that many will respond to the treat- 
ment even more rapidly than those just described. Again, consideration 
must be given to the forms of treatment now being advocated by 
many, which allow earlier ambulatory care. 

Cervical Fractures. — Fractures in the cervical region usually 
need immobilization for a period of six or eight weeks. This can be 
accomplished by rest in bed with a jury-mast traction apparatus, by 
cast or by specially made neck braces with head support. A combina- 
tion of traction with the neck brace is most often used. Frequently 
these braces or a cast is worn for six months. 

Massage, which is gentle at first, but which is gradually increased in 
force, should be started within the first week while the patient is still 
in bed and in traction. The massage should include the neck, shoulder, 
and arm muscles. I am opposed to a cast because it prevents massage, 
and later, exercise. A brace can be removed and massage given. The 
patient should be placed in bed or on a table and immobilization main- 
tained by sand bags placed on either side of the head during the treat- 
ment and then the brace should be replaced. This should be done 
every day or at least every other day. After four weeks very slight 
active exercise, such as gently turning the head from side to side, and 
assisted active exercise, such as helping the patient to lift his head 
slightly from the table, should be instituted After eight weeks, pro- 
vided the x-ray shows no contraindication, the brace can be removed 
for longer periods each day and the amount of exercise and massage 
increased rapidly. By the end of lo to 12 weeks most of the average 
cases of fracture of cervical vertebrae without cord symptoms should 
be free of all immobilization and all braces and should have full func- 
tion in the neck. 

^ I have seen patients with cervical fracture still wearing a brace after 
six months with stiff neck due to ligament and muscle contraction 
who have been told that they must wear the brace for at least a year' 
Unquestionably, more attention paid to maintaining function in the 
soft tissues of the neck and more faith in the ability of these frac- 
tured vertebrae to heal would obviate the necessity, often born of fear 
01 disaster, of wearing these casts or braces for even six months let 
alone a year. ’ 



QQ (Chapter 10 
IVolnine II 


Physical Therapy in Back Injuries 


DISLOCATIONS AND SUBLUXATIONS 

^ Dislocations or subluxations of vertebrae require careful mampul 
tion to reduce the luxation or subluxation. If it is in the cervical regio 
the treatment is usually done under anesthesia. The patient's head ar 
neck protrude over the head of the table and rest in the operator 
hands. Then by a combination of traction, gentle but gradual flexion i 
the neck, increased traction and of bringing the head backward wil 
the neck in hyperextension, the dislocation is overcome. Pressure wit 
the fingers just below or above the site of dislocation is firmly mac 
to act as a fulcrum. In addition, lateral movement of the head, brinj 
ing marked lateral flexion of the neck first on one side then on tl 
other, is sometimes necessary. Of course, all manipulation in the nec 
should be entered into with great caution lest the dislocated verti 
brae should be forced into greater deformity and cause compressio 
of the cord. 

Rest in bed xvith early massage should start almost at once, ar 
exercise can start after two weeks. A brace may be worn for four wee! 
if the dislocation has been completely reduced, or possibly for eigl 
weeks if it has been incompletely reduced. Here again the prolonge 
wearing of a brace or cast is unnecessary. 

Some of these cases can be reduced by applying heavy traction i 
the head. However, if this fails by the end of the first week, manipuu 
tion is indicated. 

Luxations and subluxations in the dorsal and lumbar region at 
extremely difficult to reduce by manipulation. Usually, hyperextensio 
of the back combined with traction will result in sufficiently good n 
duction to obtain a good functional result. However, it is in this W 
of case that the patient often complains of pain and weakness m 
back for months and years. These results occur too often and 
symptoms in the different cases are too similar for them to be classe 
as neuroses. This is the ty^e of case in which ankylosing opera lOO 
will often give the best results. 


FRACTURE-DISLOCATIONS 

Fracture-dislocations are more frequent than pure dislocations. The 
must be handled as described for pure fractures. In selected ca - 
especially in the cervical vertebrae, manipulation may be resorted ' 
m order to overcome the dislocation. In other cases operation sw 
a visable. If the attempt to reduce the dislocation fails, a bone gm 
operation should be performed to prevent further dislocation and dam 
age to the cord. I have seen only one case where this procedure seeme 
advisable and necessary. 

c.-m" should be put forth as early as Pps 

and exercise in order to maintain funcdo 
and to prevent the dire results of prolonged immobilization of jumW 
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FRACTURES OF TRANSVERSE PROCESSES 

Fractures of the transverse processes are peculiar in their behavior. 
As a rule they result in immediate disability, with pain, muscle spasm, 
and tenderness even more marked than in many of the cases of com- 
pression fracture, and these symptoms and signs will continue unduly 
long in spite of treatment. Again, the signs and symptoms will dis- 
appear after a week in bed with heat applied to the back, and the 
patient will begin to insist upon getting up. The physician will catch 
him sitting up in bed in spite of his warnings and advice. I have seen 
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' Comminuted fracture of left trans\ersc process of 4th lumbar \ertebra 
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DISLOCATIONS AND SUBLUXATIONS 

Dislocations or subluxations of vertebrae require careful manipula- 
tion to reduce the luxation or subluxation. If it is In the cervical region, 
the treatment is usually done under anesthesia. The patient’s head and 
neck protrude over the head of the table and rest in the operator’s 
hands. Then by a combination of traction, gentle but gradual flexion of 
the neck, increased traction and of bringing the head backward with 
the neck in hyperextension, the dislocation is overcome. Pressure with 
the fingers just below or above the site of dislocation Is firmly made 
to act as a fulcrum. In addition, lateral movement of the head, bring- 
ing marked lateral flexion of the neck first on one side then on the 
other, is sometimes necessary. Of course, all manipulation in the neck 
should be entered into with great caution lest the dislocated verte- 
brae should be forced into greater deformity and cause compression 
of the cord. , 

Rest in bed with early massage should start almost at once, an 
exercise can start after two weeks. A brace may be worn for fourwee^s 
if the dislocation has been completely reduced, or possibly for eig 
weeks if it has been incompletely reduced. Here again the proionge 
wearing of a brace or cast is unnecessary. , . 

Some of these cases can be reduced by applying heavy traction 
the head. However, if this fails by the end of the first week, manipu 
tion is indicated. 

Luxations and subluxations in the dorsal and lumbar . 
extremely difficult to reduce by manipulation. Usually, hyperexie 
of the back combined with traction will result in sufficiently 
duction to obtain a good functional result. However, it is m this >T 
of case that the patient often complains of pain and weakness m 
back for months and years. These results occur too often ana 
symptoms in the different cases are too similar for theni to be c 
as neuroses. This is the type of case in which ankylosing opera 
will often give the best results. 


FRACTURE-DISLOCATIONS 

Fracture-dislocations are more frequent than pure dislocations. Th^ 
must be handled as described for pure fractures. In selecte ' 
especially in the cervical vertebrae, manipulation may be resor 
in order to overcome the dislocaUon. In other cases operation sw» 
advisable. If the attempt to reduce the dislocation fails, a bone P 

■ ■ ' o prevent further dislocation j 

■ . '.■■■■ ■' one case where this procedure 

In these cases the same effort should be put forth as eafly “ P®' 
sible to give heat, massage, and exercise in order to maintain . 
and to prevent the dire results of prolonged immobilization of 



Sprains of Back ^oinm# iil 'll 

prevent thickening and contraction of the aponeurosis. Daily exercises 
of the legs and arms, active in character, are supervised by the tech- 
nician. By the end of the sixth week assisted active exercises of the 
back are started, such as hyperflexing the spine by the patient’s lying 
prone and raising himself on his elbows or hands; later, by his lying 
on his back and lifting his buttocks from the bed; and finally, by his 
sitting up in bed, first assisted and later unassisted. By the end of 
eight weeks, unless the x-ray shows definite contraindications, the 
average case rvill have recovered and will need no further physical 
therapy. 

FRACTURES OF SPINOUS PROCESSES 

Fractures of the spinous processes are treated approximately in the 
same manner as fractures of the transverse processes. 

FRACTURES OF LAMINAE AND ARCHES 

Fractures of the laminae are treated when diagnosed as described 
for compression fractures. Chandler, of Chicago, has described ob- 
scure, often undiagnosed fractures of the lumbar laminae which cause 
prolonged symptoms and which require bone transplants and fi.xation. 
He has done exhaustive work on the subject. Following the operation, 
of course, there is rest in bed. I would add to this treatment measures 
of heat, massage, and graduated exercises (Fig. ii). 


Sprains of Back 

Etiology. — Sprains of the back follow many accidents which are 
sufficiently serious to give a fracture, but following which x-ray evi- 
dence of fracture is lacking. Sudden twists or falls when in a strained 
position, for example, slipping while straining to lift a heavy obj'ect or 
having a sudden weight thrown upon the straining body, will also often 
result in sprains of the back. As in any other part of the body, a sprain 
will cause a certain amount of tearing of the ligaments and attach- 
ments about the part, ecchymosis or minute hemorrhages, exudation, 
and swelling. 

Symptoms. — The pain is usually immediate, causing the patient to 
stop work and rest, but after a few hours it may subside and he may 
return to work. The next morning or a day or two later he is so sore 
and the pain is so marked that he cannot get out of bed or he cannot 
straighten up. The continued use of the back has aggravated the 
condition. 


Diagnosis.— It is e.xtremely important to diagnose a sprain earlv 
cR? !2 ^ ^ absolute rest. Heat, moist or dry 

should be applied at once. If available, diathermy is a valuable means 
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such patients up and around and apparently well at the end of six 
weeks even when the x-ray has shown three transverse processes, frac- 
tured, displaced slightly, and still ununited (Fig. lo). 

Other cases which seem to be making satisfactory progress begjn to 
grow worse and develop into the typical chronic back cases. Too often 
this change dates from the time the patient is told by another doctor, 
the interne, the nurse, a fellow patient, or some lawyer or member of 
the family seeking to magnify the importance of the case, that he has 
a “broken back.” 

The term “broken back” is a potential trouble maker. It brings fear 
and apprehension to the patient. It recalls cases heard of in the past 
in which the individuals never walked again. It carries ideas of 
grandeur due to the old days of frequent lawsuits when a “broken 
back” was usually good for a $10,000 or $25,000 damage. 

I am not in favor of withholding from any patient the diagnosis of 
fracture, but if it was ever justified, it would be in these back frac- 
tures, especially of a transverse process. To prevent the above dangers 
of apprehension from being born in these cases, I usually take hme to 
draw a picture of a segment of the spinal column, show 
patient, and explain to him how this little transverse process is 
but that it has no connection with the so-called broken back, that 
cannot possibly affect the cord, and that there are so many otne 
transverse processes to take up its function that no great damage _ca 
come from it. I then explain that he must keep quiet for 
weeks in order to allow the fracture to unite, pointing out that 01 
the union is only fibrous but that fibrous union will be 
give him full and good function of his back once more. In spite 0 
these precautions, cases of fracture of the transverse process 
become exceedingly difficult to treat. 

Treatment. — Personally, I prefer to treat these cases by ^ 
for six to eight weeks. The mattress is prevented from saggjJ’S 
placing boards across the bed underneath the springs. A soft pmo 
the small of the back will help maintain the normal lordosis. ^ 

Heat should be applied at once in the form of large, ^ 

fomentations with large folds of flannel as the agent, the flannel oe o 
held in place by a covering of rubber sheeting. A binder is 
applied. The applications should be frequently changed ana f 
very warm Hot-water bottles, an electric pad, or an ordinary ei 
trie light bulb and reflector may furnish the source of ijg 

as the patient can be turned over on his stomach (he sn°u'a 
relaxed and let the nurse and technician turn him over), 1 
ing massage is started. At first this is a sedative massage ^5*7^ 
to relax the spasm in the muscles and to relieve the pain. La e , 
massage is increased and becomes both stroking and, by the lou 
week, kneading or rotary in character. Its purpose now is to inCTe 
circulation to these parts, to overcome any muscular atrophy, ana 



Clitpter 161 AQ 
Volume llJ 


Sprains of Back 

prolong the condition. Allowing them to remain recumbent for three or 
four weeks without massage or exercise is only to foster adhesions, 
painful joints, and a string of indefinite sequelae that usually even- 
tually lead to an erroneous diagnosis of neurosis. Strapping the back 
with firm adhesive plaster and allowing the patient to go about is 
better than the last-mentioned procedure provided that the strapping 
is not too prolonged and that the patient does not develop faulty 
posture habits. Rest, heat, and massage for the first week, with 
strapping for the second week, followed by systematic efforts to de- 
velop exercise and function, will relieve the majority of these cases 
within three to four weeks. However, the strapping usually causes 
pimples and irritation and prevents proper massage. If possible, it 
should be avoided. Certainly tight strapping or the early and pro- 
longed use of a brace is often another means of causing muscle 
atrophy, contraction of ligaments, and adhesions. 

The commonest location for these sprains is in the low back, 
usually a lumbosacral or a sacro-iliac condition. The sprain in these 
regions is too often not sufficiently serious to cause the physician 
great concern or to justify the patient’s going to bed and being fussed 
with. As a result, inadequate early treatment prolongs the condition, 
allows it to become aggravated, or results h sequelae w'hich are far 
more difficult to relieve. The latter will be considered under post- 
traumatic conditions. 

Rest, heat, massage, and graduated exercise are indicated and 
should start early whenever the history and findings suggest the 
possibility of a lumbosacral or sacro-IHac sprain. As a rule I never 
strap these patients, except possibly for two days to a W’eek when they 
first get out of bed. In a limited number of cases a sacro-iliac belt may 
be indicated, but placing a sacro-iliac belt on a patient and telling 
him to w’ear it indefinitely without daily removal for massage tends 
only to doom him to invalidism. Four to six weeks should be the limit 
for the wearing of such a belt. ThC belt soothes both the patient and 
the physician, often preventing the early discovery of sequelae that 
must be treated and removed if full recovery is to follow. A good plan 
to follow when these patients first get out of bed is firmly to belt the 
sacro-iliac region by applying an ordinary strap belt just outside the 
underclothes and passing it around the body just below the antero- 
superior spines of the ilium The patient Is instructed to remove this 
for rest periods and for certain exercises He seldom becomes wedded 
to such a belt as he does to the more elaborate sacro-iliac braces. Again 
let me repeat that the latter have their place, but only in a limited 
number of cases and for a limited length of time. 

Some patients will not respond to the above treatment nor to any 
other form of treatment. Certain of these cither are operated on for a 
fixation of the sacro-iliac joint or become permanent wearers of the 
sacro-iliac or other form of brace. WTien I am forced to yield to one 
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of applying heat and gives the quickest relief from pain. Early mas- 
sage, rhythmic and applied gently at first but gradually increased in 
force and carried always in the same direction, i.e., upward and out- 
ward, will soon reduce the exudation and swelling. As soon as the pain 
is relieved or after one week, active assisted and active exercises 
should start to prevent contraction of the ligaments, thickening of the 
aponeurosis, and adhesions about the joints. 

Treatment. — Allowing these patients to be up and around and to 
assume faulty postures in order to relieve their discomfort is only to 



fic II.— Example of fracture of the lamina of the ^tb lumbar lertebra- There 
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prolong the condition. Allowing them to remain recumbent for three or 
four weeks without massage or exercise is only to foster adhesions, 
painful joints, and a string of indefinite sequelae that usually even- 
tually lead to an erroneous diagnosis of neurosis. Strapping the back 
with firm adhesive plaster and allowing the patient to go about is 
better than the last-mentioned procedure provided that the strapping 
is not too prolonged and that the patient does not develop faulty 
posture habits. Rest, heat, and massage for the first w'eek, with 
strapping for the second wxek, followed by systematic efforts to de- 
velop exercise and function, will relieve the majority of these cases 
within three to four weeks. However, the strapping usually causes 
pimples and irritation and prevents proper massage. If possible, it 
should be avoided. Certainly tight strapping or the early and pro- 
longed use of a brace is often another means of causing muscle 
atrophy, contraction of ligaments, and adhesions. 

'liie commonest location for these sprains is in the low back, 
usually a lumbosacral or a sacro-iHac condition, The sprain in these 
regions is too often not sufficiently serious to cause the physician 
great concern or to justify the patient's going to bed and being fussed 
with. As a result, inadequate early treatment prolongs the condition, 
allows it to become aggravated, or results in sequelae which are far 
more difficult to relieve. The latter will be considered under post- 
traumatic conditions. 

Rest, heat, massage, and graduated exercise are indicated and 
should start early whenever the history and findings suggest the 
possibility of a lumbosacral or sacro-iliac sprain. As a rule I never 
strap these patients, except possibly for two days to a week when they 
first get out of bed. In a limited number of cases a sacro-iliac belt may 
be indicated, but placing a sacro-iliac belt on a patient and telling 
him to w’ear it indefinitely without daily removal for massage tends 
only to doom him to invalidism. Four to six weeks should be the limit 
for the wearing of such a belt. The belt soothes both the patient and 
the physician, often preventing the early discovery of sequelae that 
must be treated and removed if full recovery is to follow. A good plan 
to follow when these patients first get out of bed is firmly to belt the 
sacro-iliac region by applying an ordinary strap belt just outside the 
underclothes and passing it around the body just below the antero- 
superior spines of the ilium. The patient is instructed to remove this 
for rest periods and for certain exercises. He seldom becomes wedded 
to such a belt as he does to the more elaborate sacro-iliac braces. Again 
let me repeat that the latter have their place, but only in a limited 
number of cases and for a limited length of time. 

Some patients will not respond to the above treatment nor to any 
other form of treatment. Certain of these either are operated on for a 
fixation of the sacro-iliac joint or become permanent wearers of the 
sacro-iliac or other form of brace. When I am forced to yield to one 
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or the other of these plans, I feel that in some way my ideals of treat- 
ment have miscarried or have been cheated. 


Straiks of Back 


Strains of back usually occur from less severe injuries than those 
which result in sprains. In strains the signs and symptoms are not as 
severe as they are in sprains. Failure, however, on the part of the 
physician or patient to recognize these strains and to treat them as 
potential trouble makers often results in prolonged disability. 

They can usually be treated as ambulatory cases, but if the signs 
and symptoms begin to grow worse or are prolonged for more than a 
week, I favor putting the patient at absolute rest and treating him as 
described for sprains. The ambulatory treatment consists of applying 
a firm binder and having the patient report daily for heat, massage, 
and graduated active exercises. The patient is instructed to take one 
or two hot baths a day at home, in between treatments. I have seen a 
patient ^vith simple strain who reported to the physical therapy la^ra- 
tory for treatment grow markedly worse after the treatment. This 
usually occurs in the winter. He is baked and massaged in the wwni 
office, goes out into the cold, rides home on a cold street car, and that 
night develops a severe attack of lumbago or myositis. Physlaps 
should recognize this danger, and if the patient complains of “catching 
cold” after office treatment, some form of home treatment should be 
substituted. A baker to use in the borne can be made or bought ^ry 
reasonably, or the physician can rent or lend one to the patient, Ih 
technician can report to the home daily to give the heat and massage. 
Unquestionably more attention must be paid to the effect upon t e 
patient of ambulatory physical therapy than has been done in 
past. 


Lumbago, Myositis, Myofascitis 

Lumbago, myositis, and myofascitis are all terms used to 
acute painful back. The attack usually comes on suddenly and o 
after some minor injury or, more often, after some unusual strai j 
such as overlifting, or after a change from a rather sedentary occupa- 
tion to very active or heavy work. 

This Thanksgiving at a family reunion I played a strenuous g 
01 old-fashioned shinny with a number of my male relatives. 
of our sons w^re college boys, and while the old guard won the gam - 
yet were hard-pressed. It was a moderately cold day. 'V® ^ . . 
very warm and then cooled off rapidly. Within two hours I 
severe lumbago. It persisted untreated for two days and then d sap 
peyed. W as this due to strain, to the rapid beating and cooling of 5 
body, or to a focal infection? I have no other evidence of a focal 
infection. 

We undoubtedly hove traumaUc lumbago and lumbago due to 
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tion Search should be made for the infection in all cases of persistent 
or recurring back pain. The rapidity with which a lumbago will dis- 
appear after an abscessed tooth has been pulled has been noted many 
times. However, all painful backs have not yielded to the loss of a 
tooth or even of all the teeth. Other causes must be searched for before 
too many teeth, tonsils, gallbladders, etc., are sacrificed. 

The treatment of these strain-Iumbagos when they persist is rest, 
heat, massage, and graduated exercises. Often they will yield best to 
infra-red baking. The ordinary electric glow for heating a bathroom 
is one of the best infra-red bakers that can be secured. 


Locking of Vertebral Joints 


Acute locking of some of the vertebral joints, possibly a ligamentous 
dysfunction rather than a slipping or slight dislocation, occurs. The 
condition is most common in the cervical region and in the neighbor- 
hood of the twelfth dorsal and first lumbar vertebrae. It is a peculiar 
phenomenon and often manifests itself in the cervical region by a 
sense of sudden pain, followed at once by a burning sensation in the 
neck, and later, by a momentary or temporary stiffness; then it sub- 
sides. Occasionally it will be more severe, will persist, and will require 
treatment. In a recent newspaper the case of a woman who dislocated 
her neck by suddenly turning her head was described. From the de- 
scription of the case I believe it was one of acute locking. A year ago 
my son grabbed his sister playfully about the neck and bent her back- 
ward. She cried out, held her hand to the back of her neck, and could 
not move her head, which was held in a fixed, slightly turned position. 
I was home at the time and immediately went to her assistance. The 
head was fixed, evidently by some locking, in the region of the second 
to the fourth cervical vertebrae. I had her sit on the floor, placed a 
hand on either side of her head, and lifted her upward, allowing her 
body weight to be the force of traction. At the same time I gently 
manipulated her head from side to side. There was a sensation of a 


sudden slip or give in her neck and she immediately exclaimed that 
now it was all right. Only a slight tempiorary soreness followed. 

Similar examples of locking have occurred following the hitting of a 
bump and then being thrown upward and backward when riding on the 
back seat of an automobile. In one such case examined two days after 
the accident the patient had a painful stiff neck wth very little head 
movement. The x-ray was negative This case yielded to manipulation 
Jollowed by heat and massage for three days. A farmer boy was seen 
by me at his home in the country. He had terrific pain in his back 
located in the region of the twelfth dorsal vertebra. His physician had 
pven him hypodermics of morphine without any relief of the nain 
the condition had followed the lifting of a heavy Grain sack Thi 
enderness was marked over the twelfth dorsal vertebra and the first 
lumbar joint. He could not stand lamination, let alone manipulation 
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We were not prepared to give him an anesthetic and the family refused 
to allow removal to the local hospital. Traction was applied to his legs, 
the foot of the bed was elevated, and a pillow was placed under his 
back. He continued to suffer for almost a week, when the pain sud- 
denly disappeared. Mennell describes fu:ute locking of the costal 
vertebral joints and gives very well-defined methods of manipulation 
to overcome these. Although physical therapy is seldom needed in 
these cases, yet physical therapy and manipulative surgery are so 
closely related that it seems proper to mention them here. 

Similar lockings may occur between two adjacent transverse proc- 
esses or between an elongated spinous process and its fellow. Manipu- 
lation is necessary for relief. Prolonged pain following some of these 
cases of locking between vertebrae are undoubtedly due to a persistent 
synovitis. Heat, massage, and gradually increasing exercises are like- 
wise indicated in these cases. 

Wryneck 

Wryneck or stiff-neck is almost as common as lumbago. The ordi- 
nary case will usually disappear without treatment or with heat ana 
massage. Wryneck following injury to the cervical vertebrae or to 
sprains in this region often requires prolonged treatment by heat, 
massage, and graduated exercises. 

POSTTRAUMATIC SEQUELAE 

Any surgeon doing a considerable amount of reconstructive 
will see a great number of traumatic cases weeks and months . 
acute injury. They are referred for treatment to overcome cer ai 
sequelae which are the result either of the injury or of the treaimeni 
given. A high percentage of these cases are back injuries. 


Old Fractured Vertebrae without Cord Injury 


Etiology.- — The persistence of symptoms in cases of compression 
fracture of one or more vertebrae or of fractures of the transvers 
spinous processes beyond a period of three months usually indicates 
that certain sequelae have developed which must be discovered an 
treated if the given part is to secure complete functional recovery, 
usual causes for these persistent symptoms are; 


A. 

B. 

C. 

D. 


Failure to diagnose the fracture and to institute proper treat- 
ment early. Negligence in taking a lateral x-ray picture is 
commonest cause of diagnostic failure, 
loo short a period of active treatment of the fracture. 

Too prolonged a period of active treatment by a cast or 
forms of immobilization. 

Too much dependence upon a back brace. 
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E. The surgeon’s waning interest in the case after two or three 

months. 

F. The development of functional neuroses. 


The following short resumte of cases illustrate these conditions: 

Case 7. — Mr. C. S., 35 years old, was treated five months for a sacro-iliac 
condition. He had been kept in bed for a month, was fitted with a sacro-iliac 
belt, was given light treatments, and was finally told to go to work. He at- 
tempted light work, but the next morning he could not stoop over to pull 
on his shoes. He was seen several times by his doctor, but the latter had 
“seemed to lose interest in my case,” according to the patient. He n’as 
finally referred to St. Luke’s hospital where he came under my care. 

Examination showed a definite point of tenderness which was constantly 
located, at each examination, directly over the fourth lumbar vertebra. 
Movements of the back, especially when he attempted to straighten up 
from a stooping position, caused definite rigidity or muscle spasm in the 
erector spinae muscles of this region. From the history of the case and from 
these findings a diagnosis of probable fracture of the fourth lumbar vertebra 
was made and the x-ray was then ordered The lateral view showed that a 
small wedge of the body of the fourth lumbar vertebra was broken off and 
displaced anteriorly. There was a slight depression of the anterosuperior 
border of the body of the fourth lumbar vertebra, The anteroposterior view 
failed to show' any evidence of this injury. 

The case was reported as one of fracture The original doctor was asked to 
mail in his x-rays so that we could see if this was present at the time of the 
original injury. His x-rays had been made only in the anteroposterior view. 
My x-rays and the original x-rays were then submitted to another roentgen- 
ologist, who called the condition an osteo-arthrltis They were then sub- 
mitted to Dr. Hollis Potter, who said that the condition w’as a fracture and 
pointed out that osteo-arthritis must always involve the articular surface 
which was not affected in this case (Figs. 12a, 12b). 

The patient’s pain and muscle spasm were due to the prolonged immobili- 
zation of the back muscles and joints by the sacro-iliac brace, to holding 
them stiff because movement caused pain, and to periods of attempting 
active exercise and work before he was ready for them. Certainly there was 
no surgical treatment indicated to remove or replace this wedge. Further 
immobilization offered neither temporary nor ultimate relief of the situation 

The treatment instituted was first to explain the condition to the patient 
in common sense terms and to secure his cooperation. Then he was put to 
bed, and the back baked and hot fomentations applied alternately every two 
hours Massage once a day was started immediately. Simple, very graduated 
exercises were given at each period of massage. Whenever pain or muscle 
spasm appeared, the exercises were stopped and were not carried to that point 
again for three days After two weeks he was allowed to go to the physical 
therapy department in a wheel chair for the same treatment. After another 
week he was allowed to walk about and to go to the occupational therapy 
department for light work. He was discharged at the end of eight weeks 
cured, not of a broken back (for this fracture had healed, albeit with slight 
deformity, long before I saw the case), but of the soft-tissue ankylosis which 
uad developed from prolonged immobilization and disuse and which caused 
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muscle spasm and pain whenever undue stress was applied to these back 
joints. 

Case 8. — Mr. 0 . S., aged 57, a railroad engineer, suffered a compression 
fracture of the third and fourth lumbar vertebrae. He weighed 200 Ib. He 
was kept at rest in bed for six months and was then fitted with a back brace. 
He had not been able to return to work. He was referred to me to ascertain 
if anything further could be done or if this man should be pensioned. 

Examination revealed a very heavy, short man who weighed 240 lb., hav- 
ing gained 40 Ib. during course of rest and treatment. His back was held 
rigid in a leather and steel back brace. The muscles were slightly rigid on 



ua— Ant.r..po<»frior Mew of Caw 7 failed to show any 


of fricturr. 
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motion, but there was no muscle spasm. The patient's chief complaint was 
pain and weakness in his back when he attempted to go without his brace. 
In addition, he had swelling of the ankles which had developed since he was 
allowed out of bed, and he had flatfeet. His basal metabolism was normal. 






\iew of Case 7 sbouine a ^finite compression fracture with displace- 
ment of the fragnieiit in the 4th lumbar terlfbra. ^ 
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Physical therapy, a reducing diet, foot exercises, and gradually pving up 
his back brace resulted in improvement in the back muscles, the disappear* 
ance of the swelling in the lower legs, and the loss of 20 lb. in weight. At 
the end of six weeks he was going about constantly without his brace and 
without complaints. He was allowed to go to his home in Ohio. In four 
weeks he returned to us wth the ankles again swollen and wearing the 
brace. He refused to stay for further treatment and has since been retired on 
a pension. 

The broken back, of course, was the e.xciting cause, but his great gain in 
weight, his becoming wedded to a back brace with its accompanying weaken- 
ing of the back muscles and stiffening of the back joints, combined with a 
spirit of giving up and accepting a pension, were the real causes of this mans 
disability. All these could have been prevented and overcome if he bad been 
willing to put up a fight. 


Case g. — A. R., who was Injured in an automobile accident m Michigan, 
was taken to a hospital and an x-ray (anteroposterior view only) was ma e 
of his back. No fracture was found. He was kept in bed for two 
a diagnosis of a contused back and was then discharged. He returned to m 
home in Chicago and was under the care of an osteopath for trro weeKs. 
he consulted a lawyer and started suit against the owner of the automo * 
His la^vyer referred him to a doctor who x-rayed his back and m 
view discovered a compression fracture of the first lumbar vertebra, (see » ■ 
4a, 4b.) He reported to this doctor dally for light 4 

was given. At the end of 10 weeks the insurance company involyed r 
the patient to me, with the consent of his lawyer, for 
the evidence of the lo-weeks’ old compression fracture which had pra 
gone untreated. The patient had muscle spasm and pain on 
undue flexion movements of hts back. The pain and muscle spasm, .1' 
caused the patient to hold his back quite rigid. As has been J J 

this protective immobilization of the spine can cause partial an’y 
contraction changes in the soft tissues about the spinal joints. 

The patient was more anxious to secure a good recovery 
tured back than to secure a large settlement. He agreed to laKC ire 
and was very cooperative. He was referred to our physical , ^nd 

ment for daily treatment consisting of baking the back (heat), m ® 
graduated exercises I could see no reason to treat the ‘ractureo veue 
alter 10 weeks by putting the patient to bed or by already 

These would only have added to the stiffening process which 
begun in his back. At the end of a month bis case was settled for a 
amount and he returned to his regular employment of traveling sa 


The above cases illustrate that it is not the fractured 
that gives the prolonged disability in back fractures, but u 
obvious, at other times obscure, sequelae that follow in the 
such fractures. 


Treatment. — All during the active treatment eveiy effort , 

made to keep up muscle tone, normal body functions, an . , 
mental altitude. As soon as such treatment is safe, exercises ® ^^5 

added to prevent loss of joint function. Then, as the case becon 
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ambulatory, belts or braces that may undo all these efforts should be 
avoided as far as possible; if they are applied, the period of wearing 
them should be limited to only a few weeks. Start more active heat, 
massage, exercise, and occupational therapy as soon as the case is 
ambulatory, aud persist in these until full (unction and working ability 
are regained. Do not allow your interest in the case to wane until the 
patient has recovered. There will really be no need of a convalescent 
period after treatment has stopped if this program is carried out. 

Recently I examined a girl with a compression fracture of the sec- 
ond lumbar vertebra. She was being treated admirably. Her doctor 
remarked that one of the nurses in this hospital had suffered a fracture 
of her first lumbar vertebra six months ago and that now she was 
doing full duty. A little later he sent for this nurse. She was a healthy, 
very cheerful girl, standing very erect and in response to the doctor’s 
question, ‘‘Are you wearing your back brace?" she replied, “Oh, yes, 
I couldn’t do without it,” 

On further questioning, the nurse gave the following information: 

“I was in bed seven weeks and then they put on this brace and I 
was able to be up and around and went back to duty at the end of 
three months. Yes, I leave the brace off at night and try for a few 
hours once a week to get along without it, but 1 soon get so tired and 
my back is so weak and sore that I am glad to put it back on. 

"Oh, I feel so good and am held up so straight by this brace that I 
don’t mind wearing it at all.” 

This nurse was becoming wedded to her back brace. Her doctor 
agreed with this and was deeply interested in my suggestions. This hos- 
pital has an excellent physical therapy department, and yet this nurse 
had never been given massage and back exercises. I suggested that 
these should be started and that each day she should go an hour longer 
without her brace As the strength and function of the erector splnae 
muscles returned, she should be able to leave off the brace altogether, 
probably at the end of three weeks. She had been told to wear the 
brace for a year. At the end of that time some such a program would 
be necessary anyway Her fracture was long since healed Why con- 
tinue to wear the brace for a year and make it even harder to go 
without it at the end of that time? Ask any lady who used to wear a 
corset constantly how it made her feel at first to do without it. 

Old Sprains of the Back 

The majority of these sprains, which have symptoms persisting far 
beyond the period when recovery should have occurred, are located in 
the lumbar region of the back — usually in the lower lumbar and in the 
vicinity of the sacro-iliac joints. 


Symptoms.—Sprams in the cervical region nsualiy manifest them- 
selves by varying degrees of rvryneck and yield more readily to heat 
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and massage, even the massage the patient gives his own neck muscles. 
Occasionally one will see persistent symptoms from such sprains where 
some form of neck brace or collar has been used for immobilization 
for. any considerable period. Such conditions will yield to heat, mas- 
sage, and graduated exercises. Sprains in the dorsal region are uncom- 
mon. Here, again, persistence of symptoms too often is the result of 
prolonged immobilization. Therefore attention must be directed chiefly 
to these old persistent sprains in the lower lumbar region. 

Etiology. — ^They are usually due to inadequate treatment during 
the acute condition wherein the patient is allowed to remain ambula- 
tory, but, because of the pain on movement, he holds his back quite 
rigid — a condition of self-protecting immobilization. One sees a sirmlar 
condition in bursitis or other acute affections about the shoulder join 
when the patient, for the purpose of relief or protection from paiiii 
carries the arm adducted to the side of his body. After a few weets i 
becomes more or less fixed in this position. _ . , 

Another cause for these old sprain cases in the back is . 

an immobilization by treatment. The patient is kept in bed, wit 
any effort at physical therapy, for three or four weeks; then, oec 
he still has pain, a brace or a wide belt is applied 
immobilization. Effort to use these back joints causes JLf,. 

and discomfort that occur in any other part which is unduly 
bilized. 

Pathology. — There are signs and symptoms described 
entiate between a sacro-iliac and a lumbosacral sprain, but tn 
not always conclusive. The pathology in either case is the sam , 
contraction and thickening of the joint capsule, thickening 
aponeurosis, foreshortening and contracture of muscles due 
being held in the position of greatest comfort; and 
have formed at the site of the exudate and the slight hemo & 
which accompanied the ori^nal sprain. When ohe 
sprains in back joints just as he does the common ankle spw , 
then better understands the possibilities. 

Diagnosis. — These cases are often extremely difficult to „ j 
Many of them have developed neuroses — “misunderstood ne 
call them. The patient's suffering is misunderstood by the oc 
the family who often make the patient feel that there if ^9^ -|s- 
wrong with him. The patient soon develops an attitude of ^ei^ 
understood. He will not talk of his condition except with syniP^.^ 
friends, and he soon begins to search for sympathetic listener 
gets the habit of talking about his aiiment. The patient cannot e. f 
the peculiar spasm in his back on certain movements, y . 
cannot find a cause for it, he develops secret fears and worrie » |fy 
unconsciousiy begins to exaggerate his compiaints and to mat 
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certain signs when being examined. He cannot understand why his 
trouble persists, why he cannot be relieved, why his doctor cannot find 
a cause. In short, a chain of misunderstanding develops which leads to 
this rather frequent development of neurosis in back cases. 

A pure back neurosis is not common. Underneath the nervous 
phenomena are usually one or more organic conditions in the back 
which, when discovered and relieved, cause the neurosis to fade away. 

The x-ray is usually of no avail in the diagnosis of these old sprains. 

The ordinary physical findings may be of little help. Usually, how- 
ever, a systematic, careful, routine examination of all the back, hip, 
and leg movements will show that certain ones of these are restricted 
or are causing more pain than other movements. Occasionally there are 
symptoms of a sciatica. 

Sciatica 

Sciatica, if of several weeks’ standing, will show the distribution of 
pain somewhere along its course, tenderness on palpation over the 
course of the nerve, atrophy most often in the thigh, and a weakened 
or absent Achilles reflex. Such findings are always suggestive of defi- 
nite organic changes in the lumbar region. 

Finally, I often resort to examination of these patients under anes- 
thesia in order to prove positively where and to what extent motion is 
restricted. 

Case :o, — Mr. W. came to me with a history of back disability of 
five months' standing. He was leaning over to his right lifting a 25-lb, 
battery with his left hand when his left foot slipped from under him, throw- 
ing him in a side-twisting movement to the left. He was in severe pain for a 
time, then it eased and he continued to work for the next four days. Each 
day his back pained him a little more and he was a little stiffer on arising 
each morning. On the fifth morning he tried to arise and could not move, 
unassisted. His wife helped him from bed and he managed to dress. ^VTien 
he leaned over to pull on his shoe, a spasm of pain attacked his back and 
he could not straighten up. He was finally helped back to bed and the doctor 
was called, who had him taken to a hospital. An x-ray examination was 
made, but it showed no fracture. He remained in bed for four weeks and 
then was allowed to go home Pain was still present and therefore a wide 
canvas back brace with steel supports was made and he wore this constantly 
until he reported to me four months later. For weeks this patient reported 
to his doctor's office where light treatments were given to the back. He was 
thoroughly tanned over the back and left thigh. At the end of two months 
he had developed pain down the left thigh and leg This became so bad that 
he could not walk. Neither could he sit on a chair for more than 10 min 
without shifting all his weight to his right buttock. He n-as miserable and 
yet he fell that “folks thoushl he was putting a lot of it on.” He said “1 
would much rather work and make my $35 00 per week than to loaf and 
draw S1600 a week— what do they think I am?" He had certain neurotic 
signs and symptoms— a “misunderstood neurosis”— and my interne after 
examining this patient, told me that he was a “neuro." ’ 
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and massage, even the massage the patient gives his own neck muscles. 
Occasionally one will see persistent symptoms from such sprains where 
some form of neck brace or collar has been used for immobihzaUon 
for. any considerable period. Such conditions will yield to heat, mas- 
sage, and graduated exercises. Sprains in the dorsal region are uncom- 
mon. Here, again, persistence of symptoms too olten is the result of 
prolonged immobiiization. Therefore attention must be directed cliieny 
to these old persistent sprains in the lower lumbar region. 

Etiology.— They are usually due to inadequate ‘«atment during 
the acute condition wherein the patient is allowed to f™'"" 
tory, but, because of the pain on movement, he 
rigid— a condition of self-protecting immobilization 
condition in bursitis or other acute affections ^ iait, 

when the patient, for the P“n>ose <.f relief or 
carries the arm adducted to the side of his body. Afte 
becomes more or less fixed in this position. orolonged 

Another cause for these old sprain cases in the back is P 
an immobilization by treatment. The patient is ’ ^gcause 

any effort at physical therapy, for three or S„ue7tht 

he still has pain, a brace or a wide belt is applied whic 
immobilization. Effort to use these back joints cau^se , , 
and discomfort that occur in any other part which is unduly im 
bilized. 

Pathology.— There are signs and symptoms descrih'd 
entiate between a sacro-iliac and a lumbosacral spra^ . ^ 

not always conclusive. The pathology in either ^ , _}>g J[ the 
contraction and thickening of the joint capsule, tn their 

aponeurosis, foreshortening and contracture of mus ., -^^5 ,,vhich 

being held in the position of greatest hemorrhage 

have formed at the site of the exudate and the ^ig . ^zes the 
which accompanied the ori^nal sprain, ^^^len , entain, he 
sprains in back joints just as he does the common a 
then better understands the possibilities. 

Diagnosis.— These cases are often extremely difficult » I 

Many of them have developed neuroses — doctor and 
call them. The patient's suffering is misunderstood by 
the family who often make the patient feel that ther 
wrong with him. The patient soon develops an cvmp^thetic 

understood. He will not talk of his condition except ynlil he 

friends, and he soon begins to search for sympathetic ^ 

gets the habit of talking about his ailment. The patient doctor 

the peculiar spasm in his back on certain nrrjes and he 

cannot find a cause for it, he develops secret fears and n ^^agnify 
unconsciously begins to exaggerate his complaints an 
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The examination when he entered my service at St. Luke’s Hospital was 
negative except for slight restriction of motion on flexing the left thigh on 
the abdomen, pain on forcing further flexion, and tenderness over the left 
sciatic nerve with definite muscle atrophy in both the left thigh and calf and 
absence of the Achilles tendon reflex. The patient localized the pain each time 
in the neighborhood of the left articulation of the fourth and fifth lumbar 
vertebrae and from there do\vn to the ilium near the posterosuperior spine. 

This patient was given an anesthetic and examined. When both thighs were 
flexed upon the abdomen as far as possible, it ^vas quite noticeable that the 
right thigh would flex from three to four inches nearer the abdominal wall 
than would the left. This was the only motion that seemed limited. 

Treatment of this case consisted of the following: 


Manipulation.— Vk'iXh the patient anesthetized, my assistant flexed the 
right thigh while I flexed the left thigh as far as was possible without undue 
pressure. The thighs were then alternately extended and flexed, rocking the 
patient’s buttocks off the table and each time bringing both thighs as nearly 
as possible into contact with the abdominal wall. Soon there was a sensation 
of soft crepitus or of “giving” the left side of the back near the fifth 
lumbar vertebra and ilium. With each rocking the left thigh came more into 
alignment with the right on complete flexion. The manipulation was con- 
tinued until both thighs flexed equally. 

Those who observed the manipulation and felt the “giving” of the soft 
tissues In the small of the back agreed that we had broken up some old ad- 
hesions or had stretched thickened ligaments and muscles until the restricted 
flexion of the thigh had been overcome. This procedure was done gently 
rather than forcibly (Figs. 13a, 13b). 


Immediate After-care — The patient was returned to bed and large hot 
fomentations were applied to the back and changed every two hours 
At each changing the patient turned on his stomach and a large baking 
light was placed over his back. Thus there was no sudden cooling of the 
back. He was encouraged to exercise his legs often and to flex them as far 
as possible. A gentle but stimulating massage was given the same afternoon 
This treatment was continued all night with massage the next morning, 
followed by assisted exercises The technician was shown the nature of these 
exercises which consisted of flexing both thighs upon the abdomen as far as 
possible with mild but steady pressure made upon the left thigh to increase 
its flexion range The massage included the left leg from the foot upward. 


Continued Treatment . — After the third day this patient was taken to the 
physical therapy department in a wheel chair and there the larger baker 
furnished heat to his back and leg for 30 minutes to one hour. This was fol- 
lowed by approximately one hour of steady, ever-increasing-in-force massage. 
Assisted and active graduated exercises were then given. After a week tub 
oaths of hot water for 20 minutes followed by a brisk rub and the applica- 
of heat to the back and leg on returning to bed were added. 

This patient was constantly encouraged and every effort was made to 
overcome the attitude of being misunderstood. Occupational therapy con- 
'y '•>' <■' 5 ' "“t- This had nothinB to do with 

me hack muscles but was a (treat mental diversion and helped materially 
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Fio. 13a.— Case of sciatica, left side, developing after lumbosacral sprain- Euminati 
under anesthesia showed limitation of thigh fle’iion. 



Spondylolisthesis 'voinrae ii] 57 

After three weeks this patient was able to sit for an hour without pain in 
the region of his left buttock The pain and tenderness along his sciatic 
nerve disappeared, and he could walk about the ward for a short distance 
without the pain’s returning. At this stage he spent an hour in the occupa- 
tional therapy w’orkshop pedaling the jig saw with his feet and standing at 
the work bench. 

At the end of five weeks the patient felt that he was so much better that 
he could return home and carry out the treatment there. He left against my 
better judgment. He returned in three weeks with the condition aggravated 
but not as bad as at first He has agreed to remain until cured which will 
take from 8 to 12 weeks He is now under his final treatment consisting of 
heavy exercises, long walks, and rather heavy work in the workshop. Figures 
14a and 14b show this patient exercising on a rowing machine. 

This rather lengthy resume serves to illustrate the methods of diag- 
nosis, the manipulative surgery, and the physical and occupational 
therapy so often necessary to overcome these old persistent back 
sprains. Each case is a problem unto itself and must often be handled 
in a different manner, but the physical therapy maneuvers given in this 
case, if persisted in sufficiently long, will result in a cure in most cases. 
Occasionally when progress seems to stop, further study is necessary 
to find the cause. It may be necessary to repeat the manipulation 
under anesthesia two or more times. Continued interest in the case and 
persistence in treatment are of paramount importance. 

Congenital Conditions 

Congenital conditions associated with injury are most frequently 
found in the lower lumbar and sacral regions. 

Spondylolisthesis 

Etiology. — Spondylolisthesis, or an anatomic slipping of one verte- 
bra on another, may be congenital or the result of trauma. Great atten- 
tion has been paid of recent years to the abnormally acute angle 
formed by the fifth lumbar and the first sacral vertebrae. At times this 
is so marked that all the weight of the trunk seems to rest upon the 
vertical sacro-iHac joints and very little support is offered between the 
fifth lumbar vertebra and the sacrum. Usually in these cases there is a 
more marked lordosis in the lumbar re^on. A condition of hyper- 
lordosis may result in a gradual stretching of the ligaments in this 
region, and when some sudden torsion or rotation strain occurs as the 
result of a mild or severe trauma, the symptoms of a strain or sprain 
of the lumbosacral region develop. This abnormality is often asso- 
ciated with faulty posture. The slight lifting or the sudden turning 
which is blamed for the condition is usually only the “last straw,” the 
real cause being the congenital condition, the faulty position, and the 
years and years of continued strain exerted upon this joint. There is 
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should then be put at rest on a firm, straight bed with increasing 
amounts of firm pillows added to the lumbar region to preserve the 
benefits of the manipulation and gradually to increase the lordosis. 

Continuous heat, daily massage, and graduated exercises should be 
added to the treatment of manipulation. The effort should be made to 
relieve the pain, cure the sprain, and restore the patient to normal if 
possible without resorting to immobilization and support. 

In older individuals the fixity of the joints and soft tissues may pre- 
vent correction, and the only relief may come from back support by a 
suitable brace. 
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no wonder that complicated questions arise in these cases, when com- 
pensation is involved, considering the insignificance of the alleged 
accident as a causative factor as compared with these other conditions 
in no manner related to the accident. 

Treatment. — The treatment of such an injury should be upon the 
same principles as those laid down for lumbosacral sprains— rest, heat, 
massage, and very carefully guarded and graduated exercises. Great 
attention should be given to the exercises aimed at correcting faulty 
posture. Many of these cases are far advanced in years before the joint 
finally weakens and the “last straw” force lays them low. Often the 
back pain will persist in spite of all that can be done, and relief is 
secured only by wearing of a suitable support. Such a support should 
aim at the correction or the support of the “pot belly” as well as the 
immobilization of the lumbosacral re^on. 


Flat Back 


Flat back, or a loss of the lumbar lordosis, usually shows an ab- 
normal lessening of the lumbosacral angle. The condition receives very 
little consideration and yet it may cause even more marked disabimy 
than the hyperlordosis. Individuals suffering with it tend to suffer 
strains or sprains more readily. The mechanism for correction is tw 
same as for the opposite condition (Fig. 15). 

Diagnosis. — Patients with a flat back can usually be recognized by 
inspection which will reveal the characteristic flatness of this area, 
when they lie upon a flat table, all the lumbar spinous processes rw 
on the table; the characteristic movements of this region are lost, 0 
example, on flexion and extension, the lumbar spines seem to move a 
one bone somewhat similar to a poker back, and finally, 
cannot increase the lordosis by raising their bodies from the table 
the weight resting upon the shoulders and feet, with the lower legs 
flexed. 

. In the absence of all other physical findings and of negative 
if an individual shows these characteristic signs of flat back, one s 
suspect a sprain aggravated by this congenital condition. 


Treatment. — In younger individuals mam'pulations, usuJ y 
pealed at intervals and, if necessary, given under an u-r 

be employed. The purpose is gradually to lift upward on the lu 
vertebrae and endeavor to increase the lordosis. With each nian‘P«'^ 
tion the same flexion of the thighs upon the abdomen and the sire c 
of the b.ack muscles. ligaments, and adhesions should be 
described for manipulations in sprains of this region. The pa 
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should then be put at rest on a firm, straight bed with increasing 
amounts of firm pillows added to the lumbar region to preserve the 
benefits of the manipulation and gradually to increase the lordosis. 

Continuous heat, daily massage, and graduated exercises should be 
added to the treatment of manipulation. The effort should be made to 
relieve the pain, cure the sprain, and restore the patient to normal if 
possible without resorting to immobilization and support. 

In older individuals the fixity of the joints and soft tissues may pre- 
vent correction, and the only relief may come from back support by a 
suitable brace. 
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Sacralized Fifth Lumbar Vertebra 

This is not an uncommon anomaly. It is seen in a great number of 
cases x-rayed for other conditions, and in the vast majority of these 
ansomteiy no symptoms of discomfort or disability can be elicited, 
in other cases, however, in which there is backache, and in which the 
x-ray picture shows this defect, we are probably too prone to attribute 
the trouble to an impinging fifth transverse process. Unquestionably 
there are injuries to the back in which these do play a part. There are 
probably other cases of low back pain not related to injury that can- 
not be explained upon any other basis. 

Pathcdogy . — This congenital condition generally shows a sacrum 
set low between the ilia with one or both fifth transverse processes 
impinging upon the sacrum. Usually one of the fifth transverse proc- 
esses IS widened and sometimes irregular in form and lies in close appo- 
sition to the sacrum on that side. At times a definite articulation may 
be seen between the two. 


Etiology. — Injuries to this region may occur in many ways. A re- 
striction of motion due to the enlarged process must erist with an 
imbalance between the two sides which conceivably could make the 
opposite side more prone to strain. A sudden torsion or lateral fiftrion 
01 me body toward the side of the anomaly could cause a bruising nf 
me process or the sacrum; a pinching or contusion of the soft tissues 
lying between; a traumatic arthritis if an articulation had developed 
between the two. I am convinced that I have seen several cases in 
wnicn the entire trouble ivas due to this congenital condition combined 
with an injury. 

in a recent book entitled Backac/ie, describes a patient 
wfto suffered an injury to his back and in whom the x-ray finding 
uggested the possibility of an impinging fifth transverse process. The 
pulmonary hemorrhage during the course of treat- 
follows' ^ describes his findings at the autopsy and his conclusions as 


courtesy o( Dr. Weir, ivho performed Ike postmortem »- 
Th ' *“ "'y attention to (he lumbosacral JOfi™- 

Unn\ 'kat certain movements of Jke 

i nns y f ‘™='-erse process and the top of the ^c™n. 

laise '^dkdraw it ndthout the esercise of e-xtreme fnre * 

the sacnim unA detected between this transverse process and the 
r" okrious (hat, when this movemen 

the sf^ctunrs behveen the transverse Pt*®* " , 

_ P he sacrum must have been oinched verv sei'erely. The 

rKSS"?!!," toing hieVf 

the silting pi.nion, rotation ol the trunk in Me direction was painless, nh* 
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rotation in the other direction greatly augmented the sj-mptoms of which 
he was complaining, particularly when the trunk was inclined backward. 
Moreover, the fact was quite definitely established that only rotation in the 
one direction had this effect, and the whole of the rest of the examination, 
which has been previously explained, was completely negative. So, too, on 
postmortem examination it was only the one movement which caused the 
nipping between the transverse process and the sacrum — a nipping which it 
was quite impossible to secure on the opposite side in any position. 

Of course there is always the danger of basing an opinion on the examina- 
tion of any one case, but when years of experience in dealing with an im- 
mense mass of material lead to entire change of opinion, and when the one 
case in which examination was possible entirely confirms the clinical experi- 
ence on which this vallc-jace was based, the value of this one case is 
materially enhanced. It is unlikely that an opportunity of repeating the 
investigation will occur, and, from a technical point of view, the occurrence 
of even this one case must be regarded as a piece of extreme good fortune 

The question will, of course, be raised how this particular patient, whose 
life had been spent in ordinary, laborious work, had been able to carry on, 
year after year, without symptoms, in spite of the fact that this enlarged 
transverse process had undoubtedly existed throughout his working years. 
If we are to attribute the symptoms from which he was suffering to the 
presence of this transverse process, there can be only one possible explana- 
tion, which is as follows; 

The ligaments connected with the lumbosacral junction are of a com- 
plexity and a strength which can be described only as immense, and it is to 
be presumed that these ligaments ate so arranged that, in orditxary life, 
movement to an extent which will allow the production of symptoms is 
prohibited. Thus, as’ long as these ligaments remain intact, unstretched, and 
uninjured, an individual can carry on free from symptoms, in spite of 
structural abnormality. WTien, however, as the result of accident, undue 
strain is thrown upon these ligaments, a stretching, which only adds an 
infinitesimal amount of mobility to the joints, may none the less be sufficient 
to allow just enough mobility of the tip of the transverse process to cause a 
nipping of the soft structures, and thus to produce symptoms. 

The abnormality may be suspected as the cause when pure rotary 
movements to one side or the other increase the pain in this locality. 
^\Tien this congenital anomaly is present, in the absence of other find- 
ings, it should always be considered in the light of a causative factor. 
The following case is illustrative: 


Case ]i.— C. F., aged 40, was throvm backward by a sudden jerk of a 
tram and struck his back forcibly against a stove. He was twisted sideways 
and the small of the back was bruised. He was taken to a local hospital 
Where an x-ray picture was made but he \vas told there were no fractures 
rrla u strapped, and he was allcnved to go home. Symptoms increased 
and he could not move his back without excruciating pain. He reported to 
he doctor or trcn.men,,- and after three neeks'a Long bad bm e 
■as made for h.m tvhich he n-ore constantly, sleeping in it for the first 
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Sacralized Fifth Lumbar Vertebra 

This is not an uncommon anomaly. It is seen in a great number of 
cases x-rayed for other conditions^ and in the vast majority of these 
absolutely no symptoms of discomfort or disability can be elicited. 
In other cases, however, in which there is backache, and in which the 
x-ray picture shows this defect, we are probably too prone to attribute 
the trouble to an impinging fifth transverse process. Unquestionably 
there are injuries to the back in which these do play a part. There are 
probably other cases of low back pain not related to injury that can- 
not be explained upon any other basis. 

Pathology. — ^This congenital condition generally shows a sacrum 
set low between the ilia with one or both fifth transverse processes 
impinging upon the sacrum. Usually one of the fifth transverse pro - 
esses is widened and sometimes irregular In form and lies in close app 
sition to the sacrum on that side. At times a definite articulation may 
be seen between the two. 

Etiology. — Injuries to this region may occur in many 
striction of motion due to the enlarged process must exist m 
imbalance between the two sides which conceivably could ma 
opposite side more prone to strain. A sudden torsion or . . .r 
of the body toward the side of the anomaly could cause a brui s ^ 
the process or the sacrum; a pinching or contusion of i.ned 

lying between; a traumatic arthritis if an articulation had ae h 
between the two. I am convinced that I have seen t-jned 

which the entire trouble was due to this congenital condition 
with an injury. mtient 

Mennell,’ in a recent book entitled Backache, describes 
who suffered an injury to his back and in whom the 
suggested the possibility of an impinging fifth transverse - |j.gat- 
patient died of a pulmonary hemorrhage during as 

ment. He describes his findings at the autopsy and his cone 
follows: 

Thanks to the courtesy of Dr. Weir, who performed the 
amination, I was able to turn my attention to the ly^bosacra j 
This we dissected out with care, and found that certain move the 

trunk caused the thin edge of a chbel to be so firmly "'PPea 
tip of the elongated transverse process and the top of the 
it ivas impossible to withdraw it without the exercise of .1,. {op of 

false joint could be detected between this transverse process j,t w^s 

the sacrum, and it at once became obvious that, when this ^55 and 

performed during life, the soft structures between the The most 

the top of the sacrum must have been pinched very severely. 
prominent point In the c.Tamination of this patient during life 
the sitting position, roUition of the trunk in one direction was painic>3, 
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sage, which was increased gradually In force. After two weeks when pain 
had been eliminated he went to the physical therapy laboratory for the same 
treatment plus graduated exercises. \TOhm four weeks he was working in the 
occupational therapy department — work which necessitated bending to the 
left to pick up objects (Fig. i6). 

He has recovered for the time being, but probably some rather trivial 
accident will cause another attack. In these cases there are other lines of 
treatment which are advocated. 

Treatment. — Operative treatment is advocated by several good sur- 
geons who advise the removal of the offending transverse process. 
Some good results have been reported. On the other hand, I have seen 
tw’o patients who had been operated on, and yet both of them had con- 
tinued trouble. Personally I believe operative treatment should be lim- 
ited to only a very few cases, these to be chosen from younger indi- 
viduals who fail to react to proper physical therapy management. 
After operation the same physical therapy treatment must be given to 
insure complete recovery. 

Immobilization by a supporting or fixation brace to prevent the 
movements which cause pain may also be adopted. If the brace is to 
be eliminated finally, most cases will need careful physical therapy 
management. 

Spina Bifida 

Spina bifida is a congenital condition quite frequently seen in x-rays 
taken because of complaint of back pain following some injury. As 
a rule the condition is simply noted, but no connection with the injury 
is considered. Mennell calls attention to the fact that occasionally the 
upturned incomplete spinous process of a spina bifida may lie close to 
the adjoining vertebra and that soft tissues may be pinched between 
these on certain movements. 

The frequency with which (his condition, as well as other anomalies, 
is found in the low’er back in injury cases compared with the infre- 
quency of their findings in x-rays for other conditions makes one con- 
jecture on the probability of inherent weakness in the spine due to 
spina bifida as a predisposing cause to trauma. 

Spinous Process Anomalies 

Bifurcated spinous processes may cause pain by catching a ligament 
or by locking on certain movements. Occasionally they may be so an- 
gulated as to impinge on the adjacent spinous process. Mennell again 
points out that this latter condition may cause a pinching of soft tis- 
sues on certain movements. 

The treatment recommended by Mennell for these conditions is the 
wearing of a belt with a plate fitted to the region of the spine to 
prevent overextension, the movement which usually causes the pain. 
One should consider operative removal of the offending spinous process. 
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month. In spite of this treatment his disability continued, 'WTjenever be left 
the brace off, the pain and discomfort would grow worse. 

He was referred to me after seven months of this continued trouble Et- 
amination showed a muscular, well-built man of some 140 Ib., with no 
extra fat. He wore a back brace and walked carefully, as though protecting 
his back against jar. He could flex forward almost normally and without 
complaint of pain. Extension of his back developed pain slightly above and 
internal to the sacro-iliac joint. Lateral flexion and rotation to the left 
caused definite pain. The thighs could be flexed upon the abdomen equally, 
yet extreme flexion of the left thigh gave pain. Kernig’s sign was not present 
and there was no sciatica. Examination of the back showed no deiomity. 
Palpation with the finger tips shoived a sense of tenseness or spasticity in 



Fio. 16— Photograph 0/ C F (Case ii) working in the occupational therapy 
mcRt; using a jig saw. 


the musclw of the left side as compared with those of the right, 
could be increased by movements whidi caused pain. Tender or 
no^ could be felt in the muscles of the left side of the low b?ck. 

The x-ray showed the sactaUzed fifth lumbar vertebra with the g 
widenctl transverse process on the left as shown in Figure 2. It was po^s 
to s« a slight articulation between the process and the sacrum. 

Dia^osts was a bruise of this anomalous articulation with a tmu 
arlhrius plus contraction of the licaments, muscles, and aponcuros 
pr^onged immobilization and disuse. , . , 

Treatment consisted of pheintr this patient in the hospital where he 
in a firm, straight bed and was given continuous heat and gentle da y 
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held firm and almost rigid, knees straight, and feet straight or toed in. 
A full-length mirror should be installed in the treatment room, and 
these patients should be drilled in front of it until they have this 
proper posture firmly fixed in mind. In the presence of strained or 
• ' *■ • ’ ’ < ’ exer- 

'! ■ 'e and 
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FtATFEET 


Flatfeet may be the basis of certain faulty postures or of imbalance 
underlying the painful back. With this as a predisposing cause a slight 
injury may e.xcite the back trouble. 

I have had several cases of persistent disability from alleged in- 
juries referred to me for reconstructive treatment whose condition 
was relieved by massage and exercise of the feet combined with rest. 
A very good exercise for the feet is walking on the toes in a pigeon- 
toed position. Flatfoot is considered at length by Lewin (Vol. II}. 


Osteo-arthritis 

Osteo-arthritis of the spine is so frequently found associated with 
an injury that one’s ingenuity and judgment are taxed to determine 
whether the injury' plays a* part in the trouble or whether it is solely 
due to the arthritis. 

Etiology. — Injuries to the joints of the back can produce an acute 
traumatic arthritis just as can injuries in other joints. Repeated trau- 
mas in time may lead to a hypertrophic arthritis. Probably a severe 
injury', such as a compression fracture, may be accompanied with some 
definite damage to the articular surfaces, and such a joint may more 
readily be subject to arthritis. 

Unquestionably when the “spring” is gone from the feet and one 
becomes conscious of pounding his back joints when walking on a hard 
pavement, one is in a potential position to develop a tj'pe of traumatic 
arthritis. The repeated trauma to the back which is the result of hard 
work in faulty positions, as in mining, in time results in osteo-arthritis. 

Overlifting, a sudden twist, the jerk of a train, a fall, or a similar 
mild trauma in such an individual will result in a disabling back con- 
dition, The patient frequently has never been disabled and has never 
been conscious of the arthritis. To convince him that he has a diseased 
condition and that the injury played no part in it is impossible. In 
fact, one must in fairness say that In the majority of these cases the 
mjuo', although trivial, aggravated or e.xcited a latent arthritis. 

Treatment. — The treatment of arthritis is dealt with at length in 
other chapters. These cases, however, must be put at rest during the 
acute stage and heat should be applied to relieve the pain. Dry heat 
such as an electric pad, a baker, or an infra-red lamp, is best. Tractiori 
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I have had one case of fracture of the fourth spinous process where 
the signs and symptoms were quite similar to a sprain-fracture about 
other joints. Rest, immobilization in a firm, straight bed, wth heal, 
massage, and graduated exercises after four to six weeks, were the 
forms of treatment followed. 


Injuries of the Coccvx 

Congenital anomalies are common in this bone. Fractures and dis- 
locations of the coccyx are exceedingly difficult to diagnose. The x-ray 
of the normal coccyx in a large number of cases shows all kinds o 
variations in the position of the coccyx. Thus Potter states th^ e 
will seldom give an opinion relative to a dislocation of this ne. 
Fracture lines may occasionally be demonstrable. 

The history of a fall or blow directly on the coccyx followed by aeuw 
symptoms is far more suggestive. Old cases of long standing J . 
ful coccyx dating from such an injury often develop such rare a 
scure symptoms that one is prone to say that the patients are n 

Early manipulation of the coccyx with the index Sv 

in the rectum and the finger of the other hand pressed against 
of the coccyx will sometimes give miraculous results. or 

All cases of continued pain and especially pain on 
after sitting for any length of time should receive carefu p y 
therapy before operative removal of this bone is ‘ 

(in this case, heat in the form of diathermy) will ^ (gv,' 

pain temporarily. Heat should be followed by massag^ A 
treatments of this nature, manipulation of the coccyx snou .. . 
to see if the painful condition cannot be jn con- 

After several attempts have failed, then the surgeon is ^ 

sidering operative removal. Physical therapy, especially neat 
sage, should follow the operation. 

Postural Conditions Associated with INJURE' 

Faulty posture, especially the relaxed type— the head 
ward, the neck markedly flexed, a somewhat hollow a 

round back, the “pot belly’" with relaxed abdominal ^ feet 

marked lordosis in the lumbar region, knees slightly bent, 
turned outward — is characteristic of weak back. WTien su 
vidual suffers even a trivial injury, he develops a strained 
sprained back that is very persistent. rrpction of 

Any treatment of these cases that does not aim at the 
the faulty posture is usually doomed to fail. The strain or spra<» 
be treated as already outlined. ^ , ... veadi, 

In addition, these patients must be drilled to hold up t 
chin drav .lightly in, back erect, abdominal muscles suckeo 
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Heat, either moist or dry, and even diathermy may be used to aid 
in the absorption of these blood collections. Later massage consisting 
of gentle stroking in the direction of the venous flow will be of great 
assistance. Seldom is it necessary to incise and evacuate the large blood 
clot, although in certain cases this may be advisable. 

Borns 

Burns of the back are difficult to treat because they are often ac- 
companied by burns on the abdomen and it is hard to keep the patient 
off his back. It is equally hard to prevent soiling and infection in the 
low back burns. 

Tannic acid treatment may be indicated. Often these cases do better 
under open air and light treatment. The patient is placed on his ab- 
domen, a sterile tent is made over the bed, and heat is applied to the 
back by a large electric light bulb. The temperature in the tent is 
maintained at ^6 to So® F. (24.4 to 26.6® C.). Such a patient can 
be lifted from the bed and suspended in a tub of warm water to soak 
away the crusts. This form of hydrotherapy is dealt with by Blair 
and Bro^vn (Vol. II). It can be repeated two to four times per day. 
tJltraviolet treatment of the scars followed by massage is indicated 
if excessive scarring occurs. 

Sensitive Nodes 

In many cases of old back injuries as well as in persistent back pain 
from posture, disease, or other cause, we frequently find on careful, 
gentle palpation small, slightly movable tender nodes which seem to lie 
in the muscle or fascia. These have been called “fibrositic deposits,” 
“myofascitis,” and by similar descriptive names, indicating that they 
are changes in the muscle or fascia. 

For several years I Have noted and have called my colleagues’ atten- 
tion to small sensitive nodes under the skin in many of these chronic 
back cases. A peculiar phenomenon in connection with these nodes is 
their tendency to disappear on persistent palpation. Thus one feels the 
node, moves it around, palpates it for a time, and then it seems to dis- 
appear. I have called one or two of my associates to examine such a 
node. Perhaps by the time the third doctor starts to feel it the node is 
no longer present. Technicians have noticed these “knotted muscles” 
disappear under their massage. A similar phenomenon is often noticed 
m palpating a spastic colon. After it has been rolled several times 
under the examining finger the bowel seems to relax and can no longer 
be palpated. A more acute condition is seen in “muscle cramp” when, 
in the calf of the leg especially, a hard knot, excruciatingly painful 
appears. It is often relieved only by massage or by bearing weight upon 
ine leg, when it suddenly disappears. 
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is often a useful measure. Very gentle stroking massage should be 
given daily. Only such exerdses as flexing and extending the lower 
legs are all these patients can stand in acute cases, but as the acuteness 
subsides, the force of the massage is increased, and assisted exercises, 
such as helping the patient to lift the shoulders or placing the hand 
under the buttocks and having 'the patient contract the muscles as 
though lifting his back from the bed, are added. Great attention must 
be paid to the bed during this stage. It should not sag or cause faulty 
posture positions to develop. As soon as possible, bring flexion and 
lateral motions and extension into the exercises and continue the beat 
and massage. Diathermy may now be found an excellent method of 
giving the heat. That method of applying heat wWch’gives the greatest 
relief of pain is best. Many methods may have to be tried, but the 
treatment must be persisted in until the patient has again returned to 
that painless, quiescent stage of arthritis which existed prior to the 
injury. 

General treatment must not be neglected. Every arthritic patient 
has a pitcher of lemonade at Ws bedside and he is urged to 
least two quarts in the 24 hours. Aspirin, sometimes combined 'wn 
pyramidon, is used to relieve pain. Effort must be made to build up the 
general condition of the patient. . . . 

A certain number of these ca.ses will not be relieved by this 
Immobilization of the back in a specially made back brace may be the 
only means of allowing such a patient to become ambulatory. 
before the back is immobilized in a brace, every effort should be 
pl^ed to prevent the contraction and disuse of the muscles, thetbic * 
emng of the joint capsules and ligaments following the synovitis 01 
acute condition, and the painful stiff back. Certain cases will gradu- 
ally become quiescent in a brace and the brace can then be elinunatea, 
but many arthritic patients who must wear a brace will be semi 
invalids. 


Tuberculosis or Malignancy 

Injury may be the first indication of tuberculosis, a malignancy 
mary or usually metastatic), or other diseased condition of the spi 
Ine treatment of these conditions is dealt with in other chapters. 


Injuries to Soft Tissues of Back 

Hematomas may develop in (he back and may be of exfremdy 
I e n quite disabling. I have seen several cases of fractures in 
lumbar region and two with fractures of the pelvis develop la/pe 
tomas in the back and flank. In two of these cases aspiration 
mius removed several hundred cubic centimclers of bloody 
one ca^ the aspiration had to be repeated three times at intcn-aU oi 
two and five days. 
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Heat, either moist or dry, and even diathermy may be used to aid 
in the absorption of these blood collections. Later massage consisting 
of gentle stroking in the direction of the venous flow will be of great 
assistance. Seldom is it necessary to incise and evacuate the large blood 
clot, although in certain cases this may be advisable. 


Burns 

Burns of the back are difficult to treat because they are often ac- 
companied by burns on the abdomen and it is hard to keep the patient 
off his back. It is equally hard to prevent soiling and infection in the 
low back burns. 

Tannic acid treatment may be indicated. Often these cases do better 
under open air and light treatment. The patient is placed on his ab- 
domen, a sterile tent is made over the bed, and heat is applied to the 
back by a large electric light bulb. The temperature in the tent is 
maintained at 76 to 80® F. (24-4 to 26.6® C.). Such a patient can 
be lifted from the bed and suspended in a tub of warm water to soak 
away the crusts. This form of hydrotherapy is dealt with by Blair 
and Brown (Vol. II). It can be repeated two to four time.s per day. 
Ultraviolet treatment of the scars followed by massage is indicated 
if excessive scarring occurs. 


Sensitive Nodes 

In many cases of old back injuries as well as in persistent back pain 
from posture, disease, or other cause, wc frequently find on careful, 
gentle palpation small, slightly movable tender nodes which seem to lie 
in the muscle or fascia. These have been called “fibrositic deposits/’ 
“myofascitis,” and by similar descriptive names, indicating that they 
are changes in the muscle or fascia. 

For several years I Have noted and have called my colleagues’ atten- 
tion to small sensitive nodes under the skin in many of these chronic 
back cases. A peculiar phenomenon in connection with these nodes is 
their tendency to disappear on persistent palpation. Thus one feels the 
node, moves it around, palpates it for a time, and then it seems to dis- 
appear. I have called one or two of my associates to examine such a 
node. Perhaps by the lime the third doctor starts to feel it the node is 
no longer present. Technicians have noticed these “knotted muscles” 
disappear under their massage. A similar phenomenon is often noticed 
m palpating a spastic colon. After it has been rolled several times 
under the examining finger the bowel seems to relax and can no longer 
pe palpated. A more acute condition is seen in “muscle cramp” when 
m the calf of the leg especially, a hard knot, excruciatingly painful* 
appears. It is often relieved only by massage or by bearing weight UDon 
ihe leg, ^^hen it suddenly disappears. 
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■ Etiology. — One conjectures concerning these more chronic sensitive 
nodes which are felt in the lower back and are often present in the 
muscles of the back of the neck and frequently in the lower extremi- 
ties. Is it not possible that they are spastic muscle bundles or muscle 
fibers and that all these phenomena are more or less due to the same 
causes? We see spastic colons in nervous, highly strung, tense indi- 
viduals. Often there is a history of worry, phobias of various kinds, and 
fatigue due to all work and no play. There is bowel dysfunction when 
may cause the local fatigue. In the acute muscle cramp, fatigue is often 
present, and it is very common in the pregnant woman who is heavy on 
her feet. Hunters sometimes get it at night after a hard 
in the woods. Imbalance due to flatfoot or changing from nign ee » 
to low heels may cause it. Frequently it is noted after long perio s 
stress and great fatigue. . , . . .1. 

In the more chronic, localized sensitive nodes in the injured ^ 
have the fatigue of dysfunction in the muscles, the 1.,. 

ness over the condition, the fatigue of holding the 
rigid, and the lack of exercise; often the patient is a mg y 


individual. . . ..j s. 

Usually the condition is ascribed to a toxic or infectious , j. 
designated as a myofascitis. It is mentioned as an fnaicatjon 1 . . 

flushing to rid the body of these toxic substances, 
there is real evidence which points to the possibility that Y’® 
is due to fatigue poisoning or the dysfunction of the local in 
' to a small muscle bundle due to local or general fatigue. 


Fatigue.— Fatigue is thought of in connection with ’I j. 
“Dead tired” at night from a hard day’s work involving 
cular activity is a healthy condition, as a rule, but fatigue m 
from great tension as seen in the high-powered fussing 

tensed, nervous woman worn out by the cries of the baoy> 
of the older children, and the housework, or fatigue due to P . ’ 
comfort, holding one’s back rigid to get a little respite fro P ^ 
these continued over days and weeks can be a very unnea y 
of fatigue. . , jj Qf 

Individuals with fatigue of this kind can develop ^ ouad- 

backache. The colon can be palpated usually in the left I 
rant. The sensitive nodes herein described can likewise e p . 
in the case of backache. Cure the one by rest and change 
release the tension, and establish healthy exercise, and you ‘ 
cure the other. Perhaps colonic flushings help, but I have s fjufty 
cured without them by developing a health regime, correctmfe 
posture, relieving the causes for worry at home or at wor f 
plying heat and massage to the sensitive area in the back 01 
or low back. 

Fight years ago I developed a lame back and pain y,-ith 

sciatic nerve. I was treated with intermittent heat and massage 
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only temporary relief. Finally I had my teeth x-rayed and took the 
films to Dr. Thomas Gilmer, positive that two of my teeth had better 
come out. Dr. Gilmer was on the same hospital staff and knew that I 
had been working very hard and under great tension. He asked relative 
to my last vacation and how much exercise and play I was getting. It 
had been a year since I had had a short vacation and I had almost for- 
gotten how to play or exercise. Instead of pulling the teeth he gave me 
a valuable talk on fatigue and fatigue poisoning from prolonged high- 
pressure work and suggested that a vacation would cure the back and 
leg trouble. The next week, accompanied by my wife, I started for 
Seattle. The first morning we left our sleeper for 15 minutes at Minne- 
apolis and walked up and down the platform. I felt very peppy and 
finally my wife asked concerning my backache. To my surprise both 
the backache and the tendency toward sciatica had disappeared and 
never returned except years later when I again became “tensed up” 
with overwork. This was not neurosis — it was simply relaxation and 
getting rid of chronic fatigue. 

Let an individual prone to these sensitive nodes sustain an injury 
ever so trivial and frequently he develops a chronic traumatic back; 
or let one suffer a sprained back and go for weeks with the back held 
rigid by a protective muscular tension or lie in bed without exercise or 
massage and he will develop these sensitiye nodes. Thus they play a 
very important role both in diagnosis and in treatment. 

Diagnosis. — ^When located in the back of the neck, they are felt 
just lateral to the cervical spines and are usually superficial, although 
deep palpation may be necessary to feel them. At times they occur in 
the supraspinatus muscle or over the scapula. They are often mis- 
taken for glands. They are sensitive to pressure, are usually accom- 
panied with a sense of soreness or slight stiffness in the neck, and often 
cause a low-grade occipital headache. They usually soften and disap- 
pear under massage but may return again in a short time. A mild form 
is that found in tired business men who notice the tense, sore feeling 
in the neck after going to bed and who are frequently relieved when 
the wife rubs the back of the neck for a short period. 

When these occur following injury or in cases of long illness, regular 
periods of application of heat followed by at least 30 minutes of rhyth- 
mic, stroking massage and then kneading massage Vrill relieve the con- 
dition. The treatment must be persisted in until the relief is permanent. 

In the small of the back these sensitive nodes are most frequently 
felt in the gluteal regions just outside the sacro-iliac joints; in the 
erector spinae muscles, near their outer borders and opposite the fourth 
and fifth lumbar vertebrae or just lateral to the spinous process of the 
first lumbar vertebra. Often a sensitive area is felt near the sciatic notch 
and similar sensitive nodes are usually present in one or both legs. 
The commonest site in the leg is at the upper margin of the calf about 
one inch from the inner side and two inches below the head of the tibia. 
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Etiology. — One conjectures concerning these more chronic sensitive 
nodes which are felt in the lower back and are often present in the 
muscles of the back of the neck and frequently in the lower extremi- 
ties. Is it not possible that they arc spastic muscle bundles or muscle 
fibers and that all these phenomena are more or less due to the same 
causes? We sec spastic colons in nervous, highly strung, tense indi- 
viduals. Often there is a history of worry, phobias of various kinds, and 
fatigue due to all work and no play. There is bowel dysfunction which 
may cause the local fatigue. In the acute muscle cramp, fati^e is oiten 
present, and it is very common in the pregnant woman who is heav)' on 
her feel. Hunters sometimes get it at night after a hard 
in the woods. Imbalance due to flatfool or dianging from high nee 
to low beds may cause it. Frequently it is noted after longpenoaso 
stress and great fatigue. . . , . 

In the more chronic, localized sensitive nodes in the injured 
have the fatigue of dysfunction In the muscles, the worry and ne^ 
ness over the condition, the fatigue of holding 
rigid, and the lack of exercise; often the patient is a higny 
individual. . . . 

Usually the condition is ascribed to a toxic or infectious - 

designated as a myofascitis. It is mentioned as an indication . . 
flushing to rid the body of these toxic substances, but ."’y H.jj-j. 
there is real evidence which points to the possibility that this ^ . 

is due to fatigue poisoning or the dysfunction of the local in 
to a small muscle bundle due to local or general fatigue. 

Fatigue,— F atigue is tliouglit of in conncclion with 
“Dead tired” at night from a hard day’s work involving m 
cular activity is a healthy condition, as a rule, but fatigue in 
from great tension as seen in the high-powered fussing 

tensed, nervous woman worn out by (he cries of the baby, 
of the older children, and the housework, or fatigue due to P , ' gll 
comfort, holding one’s back rigid to get a little respite tvpe 

these continued over days and weeks can be a very unneai 
of fatigue. , , pj. 

Individuals with fatigue of this kind can develop ^ ®P^f ^^“ouad- 
backache. The colon can be palpated usually in the left im _we<l 
rant. The sensitive nodes herein described can likewise b V , 
in the case of backache. Cure the one by rest and change 
release the tension, and establish healthy exercise, and you ‘ 
cure the other. Perhaps colonic flushings help, but I have se . 
cured without them by developing a health regime, correcting 
posture, relieving the causes for worry at home or at '^ork, j . 

• • the back of me uc 


plying heat and massage to the sensitive area in 
or low back. 


left 


Eight years ago I developed a fame back and pain dow" 
sciatic nerve. I was treated with intermittent heat and massage 
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only temporary relief. Finally I had itiy teeth x-rayed and took the 
films to Dr. Thomas Gilmer, positive that two of my teeth had better 
come out. Dr. Gilmer was on the same hospital staff and knew that I 
had been working very hard and under great tension. He asked relative 
to my last vacation and how much exercise and play I was getting. It 
had been a year since I had had a short vacation and I had almost for- 
gotten how to play or exercise. Instead of pulling the teeth he gave me 
a valuable talk on fatigue and fatigue poisoning from prolonged high- 
pressure work and suggested that a vacation would cure the back and 
leg trouble. The next week, accompanied by my wife, I started for 
Seattle. The first morning we left our sleeper for 15 minutes at Minne- 
apolis and walked up and down the platform. I felt very peppy and 
finally my wife asked concerning my backache. To my surprise both 
the backache and the tendency toward sciatica had disappeared and 
never returned except years later when I again became '‘tensed up” 
with overwork. This was not neurosis— it was simply relaxation and 
getting rid of chronic fatigue. 

Let an individual prone to these sensitive nodes sustain an injury 
ever so trivial and frequently he develops a chronic traumatic back; 
or let one suffer a sprained back and go for weeks with the back held 
rigid by a protective muscular tension or lie in bed without e.xercise or 
massage and he will develop these sensitive nodes. Thus they play a 
very important rdle both in diagnosis and in treatment. 

Diagnosis. — lyhen located in the back of the neck, they are felt 
just lateral to the cervical spines and are usually superficial, although 
deep palpation may be necessary to feel them. At times they occur in 
the supraspinatus muscle or over the scapula. They are often mis- 
taken for glands. They are sensitive to pressure, are usually accom- 
panied with a sense of soreness or slight stiffness in the neck, and often 
cause a low-grade occipital headache They usually soften and disap- 
pear under massage but may return again in a short time. A mild form 
is that found in tired business men who notice the tense, sore feeling 
m the neck after going to bed and who are frequently relieved when 
the wife rubs the back of the neck for a short period. 

\yhen these occur following injury or in cases of long illness, regular 


in the small of the back these sensitive nodes are most frequently 
felt in the gluteal regions just outside the sacro-iliac joints; in the 
erector spinae muscles, near their outer borders and opposite the fourth 
and fifth lumbar vertebrae or just lateral to the spinous process of the 
fir^ lumbar vertebra. Often a sensitive area is felt near the sciatic notch 
^d similar sensitive nodes are usually present in one or both legs. 
The commonest site in the leg is at the upper margin of the calf about 
one inch from the inner side and two inches below the head of the tibia 
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Symptoms. — The signs and symptoms caused by these nodes in 
addition to their sensitiveness are radiating pains, or more often a 
slight discomfort with restlessness. The patient moves his legs fre- 
quently, “can’t hold them still,” and at night when he is falling to 
sleep the leg will jerk spasmodically. 

Treatmcnt. — The treatment as already indicated is general and 
local. Remove the factors of tenseness, nervousness, and fati^e, and 
develop healthful exercises and relaxation. Improve elimination. Lo- 
cally the condition must be treated by heat, massage, and graduated 
exercises. Often diathermy Is found very beneficial, as it relieves the 
pain, causes a local congestion, and, when followed by massage, vail 
often cause very persistent sensitive nodes to disappear. In place o 
massage, the sinusoidal current or a strong vibrator may be used _ 
know many taut business men who, scuffering with this condition in 
the neck or shoulders, have their barber use a vibrator on ^he par • 
The use of a galvanic current with the needle inserted directly in o 
node has been advocated as well as acupuncture. 


Traumatic Neuroses 

Definition. — A pure neurosis is one In which all the signs and symp 
toms are based upon a functional condition in contradistinction o 
conditions with an organic background. I believe it is 
ways to rule out the influences which certain minor organic cona 
play in the neurosis. This Is certainly true in traumatic neuros . 

Etiology. — ^Traumatic neuroses may develop in spite of the 
the trauma was trivial or nil and that absolutely no “emon 
organic lesions resulted from the accident. This type of 
often seen in patients who were on the edge of a terrible ^ci 
escaped without a scratch. In others the organic lesions, i-ngj 
an accident, have been cured, but a functional neurosis has P. 
during the period of disability and continues as the sole cause 
capacity. In this latter group the cause of the neurosis may 
nature of the accident; the nature of the trauma; some staten 
made by the attending physician which exaggerates the impor 
the injury in the patient’s mind; statements made by the jam 
nurse, or often an interested lawyer, which exaggerate the j, 

of the injury in the patient’s mind; or the true compensaUon neurc 
where the desire for a good settlement causes the patient to dwe , , 
his injury until its importance has become magnified in his own mi ■ 
Occasionally the desire for sympathy or the desire for revenge— 
example, when a patient wishes to prove some other physician mons 
—and similar mental impulses are behind the neurosis Finally, t 
IS the third group in whom the physician fails to find the evidence > 
organic injury and yet the patient continues to have disability. Awav- 
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in this group some remnant of the organic lesion is still present which 
forms the underlying basis of the neurosis. Elsewhere in this chapter 
I have referred to this type as the “misunderstood neurosis.” Diligent 
search on the part of the physician is necessary to reveal the under- 
lying organic condition. 

As the years go by I am positive that many of us are too prone to 
label our patient as a case of true neurosis when the real condition is a 
combination of some traumatic organic lesion with a superimposed 
neurosis. 


Classification. — In prescribing or practicing physical therapy in 
functional conditions, it is imperative to classify these cases in one of 
the following groups: 


Gitoup I: Traumatic Neurosis: No Organic Injuries; Purely 
A Functional Condition. — In these it is seldom wise to let the pa- 
tient feel that he has an injury which must be treated. If you dismiss 
such a case with the statement, “There is absolutely nothing wrong 
with you,” he will usually go away disgruntled. Often instead of help- 
ing him you have made his condition worse. 

In cases of alleged back injury in this group one usually finds 
that such patients have talien into iauhy postures due to alleged pain; 
or have become soft and flabby due to lack of work over a long period 
of months; or have simply fallen into faulty habits of holding the 
back stiff, walking 'Wth a limp, or exhibiting organic lesions which do 
not exist. 

As a rule it is wiser in this group to gain the patients’ confidence 
and then gradually to remove from their minds the fixed idea of organic 
injury*-by various types of explanatory talks pointing out that instead 
of being “scared to death” by an accident that might have been ex- 
tremely serious they were scared into a back disability. At this stage 


one can usually tell them frankly that absolutely no organic injury re- 
sulted from the accident, but that the injury was all mental and that the 
long-continued disuse of the back with gradually developing faulty pos- 
tures or stiffness is the sole cause of disability. During this period of 
gaining their confidence, physical therapy (which is only another name 
for common sense handling of the case) should be administered. It may 
be given by the physician or some member of the family, but as a rule 
it can best be administered by a trained technician under the direction 
of the physician Physical therapy should consist of a certain amount 
of massage and large amounts of reltaining exercises. Reeducation 
of joint function is just as important in the numerous joints of the 
back as it is in the hysterical knee joint; therefore all exercises should 
be directed toward the reeducation of these joints, the obliteration of 
the stiff back, the correction of faulty posture and functional limps, 
and the gradual hardening of the patient. 

Success in curing this type of neurosis depends upon gaining the 
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Symptoms. — The signs and symptoms caused by these nodes in 
addition to their sensitiveness arc radiating pains, or more often a 
slight discomfort with restlessness. The patient moves his le^ fre- 
quently, “can’t hold them still ” and at night when he is falling to 
sleep the leg will jerk spasmodically. 

Treatment. — The treatment as already indicated is general and 
local. Remove the factors of tenseness, nervousness, and fatigue, and 
develop healthful exercises and relaxation. Improve elimination. Lo- 
cally the condition must be treated by heat, massage, and paduated 
exercises. Often diathermy is found very beneficial, as it relieves the 
pain, causes a local congestion, and, when followed by massage, mil 
often cause very persistent sensitive nodes to disappear. In 
massage, the sinusoidal current or a strong vibrator may 
know many taut business men who, scuffering with this condition i 
the neck or shoulders, have their barber use a vibrator on me P • 
The use of a galvanic current with the needle inserted directly mto 
node has been advocated as well as acupuncture. 


Traumatic Neuroses 

Definition. — A pure neurosis is one in which all the signs and symp 
toms are based upon a functional condition in contradistinction w 
conditions with an organic background. I believe it is 
ways to rule out the influences which certain minor organic conn 
play in the neurosis. This is certainly true in trnumauc neurose . 

Etiology. — ^Traumatic neuroses may develop in spite of the 
the trauma was trivial or nil and that absolutely no • fg 

organic lesions resulted from the accident. This type of 
often seen in patients who were on the edge of a terrible i^cia 
escaped without a scratch. In others the organic ^^sions, the res 
an accident, have been cured, but a functional neurosis has ae 
during the period of disability and continues as the sole 
capacity. In this latter group the cause of the neurosis may 
nature of the accident; the nature of the trauma; some sw®" ^ 
made by the attending physician which exaggerates the impor 
the injury in the patient's mind; statements made by the 
nurse, or often an interested lawyer, which exaggerate the >mpo 
of the injury in the patient’s mind; or the true compensation ne 
where the desire for a good settlement causes the patient to dwe , 
his injury until its importance has become magnified in his t J 

Occasionally the desire (or sympathy or the desire for reveng 
example, ^yhen a patient wishes to prove some other physician ° 

and similar mental impulses are behind the neurosis. Finallyi , 
is the third group in whom the physician fails to find the evide'jw 
organic injury and yet the patient continues to have disability. 
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When the cases in this group are due to exaggerated statements by 
the relatives or by some interested lawyer, one must make sure that 
the desire for recovery is greater than the desire for compensation. If 
the former is the case, the patient should be handled as just described. 
However, if the desire for compensation, sympathy, or revenge is the 
underlying motive for the neurosis, any form of treatment may only 
enhance the functional condition. 

Cases of compensation neurosis are alleged by some to be very rare, 
while other writers place this as the commonest cause for neurosis. It is 
my opinion that these two views depend upon the number of compen- 
sation cases being handled by the various writers. An industry or in- 
surance company that adopts a liberal attitude toward compensation 
cases usually has fewer cases of compensation neurosis among the 
injured than does a company which has a hard-boiled attitude. 

Back cases which are purely compensation neuroses seldom yield to 
physical theiapy. An early settlement of the case usually results in a 
cure of the condition. 


Group III: Traumatic Neurosis; Remnants of the Organic 
Lesion Remaining with a Superimposed Neurosis. — In this group, 
careful search, when applied to back cases, will usually reveal the trau- 
matic arthritis, the thickened ligaments, the contracted muscles, the 
thickened aponeuroses and adhesions, the sensitive nodes, and similar 
conditions which are the aftermath of the original injury. The neurosis 
must be treated by gaining the confidence of the patient as already 
detailed. 

Physical therapy in the form of heat, massage, exercise, manipula- 
tion (often under anesthesia), occupational therapy, and similar 
methods aimed at overcoming obscure but demonstrable organic lesions 
will usually cure this type of neurosis. These patients, usually misun- 
derstood and neglected, are the ones who respond most readily to, and 
who are most grateful for, treatment. 

The dictum (hat you '‘can rub more trouble into a neurotic patient 
in an hour than you can rub out in a month'' is true in a certain num- 
ber of these functional neuroses Careful classification of the neuroses, 
however, will reveal a large number in whom physical therapy is def- 
initely indicated. The following case is an excellent example of a trau- 
matic neurosis in a back injury: 


Case 12.— J. A., a carpenter, aged 42. married and with three children, 
in a small community in southern Illinois in 1923 fell from 
a building a distance of 28 ft., injuring his back. X-ray facilities were not 
available to \erify the diagnosis of “broken back ” which was made in this 
He was treated in his home, lying prone in bed for approximately six 
was finally awarded a total disability by the compensation 
tbe author 16 months later to see whether any- 
uung could be done to decrease his per cent of disability. At the first exami- 
the patient had a resigned, feelihg-sorrjMor-himself 
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patient’s confidence and refitting him for work. In some this can be 
accomplished in two weeks; in others it may take months. It is far 
better to persist in the treatment than to turn these patients loose as 
neurotics with continued disability. Frequently they will leave the 
physicians and drift into the hands of cultists who will cure them 
simply because they have more time and patience and a better under- 
standing of the psychology involved. 


Group II: Traumatic Neurosis: Organic Lesions Cured but 
Disability Persisting Due to the Neurosis. — In back cases in this 
group when the neurosis is due to an exaggeration of the seriousness 
of the original trauma or the seriousness of the original accident, such 
patients should be handled as suggested under Group I. 

When the back neurosis is due to some erroneous idea or to an ex- 
aggeration of the seriousness of the injury, often the result of some un- 
guarded statement made by the attending physician, the idea must be 
wiped out before the neurosis can be overcome. 

If a physician tells the patient that he has a “broken back when 
the lesion is a simple linear fracture of a transverse process, a neurosis 
frequently develops which prolongs the disability for 
sometimes years after the simple linear fracture has healed. Sometime 
during the acute stage the patient will complain of his suffering or 
the length of treatment; the physician, to justify his j..-’ 

times replies, “You are lucky to be alive ” or “It wll take ^ „ 
to get you well and you will never be completely well,” or, lO 
be permanently disabled.” Unguarded statements such ug 

the basis of many traumatic neuroses and, of course, should alway 


Recently I saw a patient suffering from a traumatic neurosi 
was solely due to the fact that his family physician had 
at the request of the patient, stating that his patient had 
fractured and was therefore unfit for jury service. Subsequent 
failed to show the skull fracture. The patient had completely recov 
from his injury within three weeks and was ordered back to woi > 
this physician. Instead of going to work he developed jgj.. 

true neurosis. There were absolutely no organic findings. Ibe ,.,tand 
lying cause of the neurosis was the patient’s inability to un e 
why his family physician had written that he had a skull fracture, 
later told him that he did not have a skull fracture and continue 
insist that he was able to go to work, of 

Physical therapy is indicated in this class of cases when sUnne • 
the back joints, thickened ligaments, contracted muscles, 
aponeuroses, faulty postures, functional limps, and general soiw 
indicate the need of heat, massage, and exercise. The adminis ra , 
some simple form of physical therapy, thereby expressing the p > ^ 
dan’s interest in the case, combined with the physician’s superv» 

■will go far toward overcoming this type of neurosis. 



Fic 1 ?— Case of F B. si\ years after fracture of ist lumbar sertcbra, with im- 
mediate para1><is due to compression of the cord and transfirion of the cord by splinter 
of bone transfixion L3minectotn> performed tno hours after injury. Patient receixed 
P-bysital iherapj and protection a<minst foot drop continuously immediately following 
the operation \Vithin a sear he waa xsalkins 




Fio. 17a— Case of tncturcd ijth dorsal \trttbra v>Uh bemp 

damage to the coi<l and complicated by fracture of the npht 4,„ patient 

treated by skeletal traction. Ob»cr>-c splints on each foot to preunt foot d p 
received massage, mu^Ic-training ecereises and active ecerclsc throughout 


Bullet Wound of Spine 
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Fio 19b— Patient rcceivin? physical therapy and muscle-training eTeruscs 



Fic IOC— Same as Fis 19b. Complete rcco«iy after two months Bullet not remoied 
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FiC. 193 — X-ray ol bullet wound of spine with hemorrhage about 
extreine hyperesthesu and paralysis of left leg. 
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his face; he stood with his feet a little apart and his back flexed about 
lo®; on walking he took steps from lo to 12 in. long and progressed very 
slowly; movements of the back were slow and restricted, the patient bending 
forward only about 25* and not being able to straighten his back completely; 
he could raise his arms only slightly above a right angle to his body. Physical 
and x-ray examinations were negative for organic disease. There was no sign 
of a fractured vertebra. Functional tests showed variations in pain and ten- 
der points along the spinal column, with atjrpical areas of anesthesia. The 
observations were definitely those of a person with traumatic neurosis. 

The patient was admitted to St. Luke’s hospital and was assigned to a 
regular routine of treatment, consisting of periods of heat, massage, exercise, 
tub baths, and rest. In addition to this he was assigned to the occupational 
therapy workshop for two hours a day at first, but the time was increased 
daily. After about the fourth day it was noticed that the patient was spend- 
ing all his spare time in the workshop. He was asked to make a special splint 
for one fellow patient and to make the peg leg portion of a temporary arti- 
ficial leg for another patient. He was so handy with tools that he was soon 
acting as an assistant to the technician. 

At the end of two weeks the patient rvas %valking with a normal stride, 
could bend over and touch the floor, could stand erect, and could raise 
his arms over his head It ^vas carefully explained to the patient that 
he had never had a broken back but that his trouble was all due to 
nervousness which he had overcome during these two weeks in the hospital, 
and he was discharged. Unlike many persons with neuroses, he was ex- 
tremely happy over his recovery and immediately returned home and 
went to work. Although the surgeon and the physical therapist were of some 
aid in his recovery, the practical application of occupational therapy should 
receive the chief credit. 


Conclusions 

I have contributed this chapter as a surgeon confronted w’ith a great 
many back cases and especially old back injuries which have failed 
to respond to other treatment. I am not a physical therapist. When 
physical therapy is necessary, it is administered by qualified tech- 
nicians under the direction of my associate, Dr. J. S. Coulter, but I 
constantly supervise the case. 

I have found as the most valuable adjuncts lo the surgical treatment 
of these cases various kinds of heat, various types of hydrotherapy, 
and, above all, massage and exercise. The exercise should be gradu- 
ated from the simple contraction and relaxation of muscles while the 
patient is lying in bed to movements involving flexion and extension 
and lateral motion of the back; exercises involving lifting and carrying; 
the use of various kinds of apparatus, such as a rowing machine; and 
finally, to the exercises involved in gradually increasing amounts of 
work, referred to as occupational therapy. 

In this chapter I have not dwelt in great detail upon the methods 
advocated for administering the various forms of physical therapy. 
For details concerning the modus operandi of the various methods the 
reader is referred to the chapters on technic. Volume I, ’ 
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CHAPTER SEVENTEEN 


PHYSICAL THERAPY IN DEFORMITIES OF THE SPINE 
R. B. Dillehunt, M.D. 

Perhaps in no instance is the adage “an ounce of prevention is 
worth a pound of cure” more applicable than in potential or incipient 
deformities of the spine. In joints of the extremities, even when great 
deformity has been established, surgical and mechanical measures are 
available which enable the most spectacular alleviation or correction. 
But in severe deformities of the spinal structure which have once 
become confirmed and fixed, with all the associated somatic and 
visceral pathology, complete correction is practically never accom- 
plished and even improvement is often almost unattainable. The diffi- 
culty is due to the anatomic and physiologic complexity of the spinal 
bones, joints, and musculature, and to the relative inaccessibility of 
the spinal column and thorax to the application of corrective measures 
in the form of apparatus dependent upon pressure for their corrective 
influence. In other words, since one cannot “get hold of” the spine 
with hands or apparatus to the degree that obtains with reference to 
the knee or elbow, manipulative or corrective influences must be 
exerted less directly and therefore less effectively. When one experi- 
ences the difficulty encountered in correcting an ordinary clubfoot in 
a child, in which the foot and leg can be grasped powerfully in the 
hands and are seemingly under the command of the operator, it can 
readily be appreciated how relatively little direct force one can exert 
upon a spinal deformity when one’s efforts are applied to the pelvis, 
thorax, and axillae. 

It is therefore of the greatest importance that frequent examination 
be made of growing children to detect potential deformity and that 
preventive measures be instituted early. So insidious is the develop- 
ment of spinal deformity, not only in children as a result of congenital, 
paralytic and postural causes, but in adults incidental to postural, 
mechanical, or arthritic influences, that the orthopedic surgeon seldom 
has opportunity to boast of having prevented deformity; but he is con- 
stantly confronted with the problem of attempted correction, which 
often results in no more than preventing it from progressing to a more 
severe degree. Since there are other, chapters which deal with the prin- 
ciples of the prevention of deformity, only the common types of de- 
lormity of the spine and the physical therapeutic measures designed 
tor their alleviation or cure will be discussed here. 
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Finally, I have treated in considerable detail the classification, eti- 
ology, and diagnosis of back injuries in order to illustrate and stress 
the importance of a thorough understanding of the back condition 
before attempting any physical therapy measures. 
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Apart from actual operative surgical procedures, the entire treat- 
ment of spinal deformity is "ph3^cal therapeutic.” The exertion of 
influence by push or pull or manipulation or traction, whether from 
within by muscular effort or from without by manual or mechanical 
effort, is physical therapy; hence one cannot exclude those measures 
applied by the surgeon and intelligently discuss those commonly dele- 
gated to the trained physical therapist because they are reciprocal 
parts of the same rationale 

There are numerous deformities of the spine of congenital origin, 
such as spina bifida, synosteosis of vertebrae, cervical rib, variations 
in number and shape of spinal segments, and other embryologic aberra- 
tions which may or may not produce deformity but which in any 
event are not amenable to physical therapy and are hence not discussed. 
Moreover, diseases of the spine, such as tuberculosis, syphilis, and other 
granulomatous infections, as well as osteomyelitis, neoplasms, and 
trophic disorders, are not the subject of physical therapeutic ministra- 
tion except in so far as they may produce deformity and are accord- 
ingly dealt with in other sections. Similarly, traumatic lesions comprise 
a special subject. Hence this chapter deals with deformities of the spine 
which may be considered to have been theoretically preventable and 
are capable of improvement by mechanical means, whether of consti- 
tutional, static, paralytic, or arthritic origin. 

Anatomic and Physiologic Considerations 

Effective treatment of spinal deformity must be based upon a knowl- 
edge of the grosser and simpler principles of the structure and function 
of the spine. Although there are marked differences in structure and 
form between the spine of the infant, child, adolescent, and adult, these 
differences do not materially modify the principles of treatment except 
in so far as the progressive decrease in resiliency and flexibility with 
advancing years makes treatment less and less effective; therefore, for 
the sake of brevity, variations with the age of the patient isill not be 
enumerated. 

In general the spine is considered as that part of the vertebral 
column above the sacrum. It comprises about one-third of the length 
of the body and is composed of 24 segments, the upper seven being 
designated as the cervical, the eighth to the nineteenth inclusive as the 
dorsal, and the lower five as the lumbar. The first cervical vertebra 
articulates with the base of the skull, and the last lumbar wth the 
sacrum, which is solidly fixed between the two iliac bones, forming 
With them the unyielding pelvic ring. The sacrum represents the base 
01 the spine, being wider and thicker than any other vertebral seg- 
ment, and the bony mass tapers gradually in anteroposterior, lateral 
and axial dimensions from the sacrum upward, so that the cervical 
vertebra is smaller in all diameters than the dorsal and the dorsal is 
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Apart from actual operative surgical procedures, tlie entire treat- 
ment of spinal deformity is “physical therapeutic.” The exertion of 
influence by push or pull or manipulation or traction, wlietlier from 
within by muscular effort or from without by manual or mechanical 
effort, is physical therapy; hence one cannot exclude those measures 
applied by the surgeon and intelligently discuss those commonly dele- 
gated to the trained physical therapist because they arc reciprocal 
parts of the same rationale. 

There are numerous deformities of the spine of congenital origin, 
such as spina bifida, synosteosis of vertebrae, cervical rib, variations 
in number and shape of spinal segments, and other cmbryologic aberra- 
tions which may or may not produce deformity but which in any 
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trophic disorders, are not the subject of physical therapeutic ministra- 
tion except in so far as they may produce deformity and arc accord- 
ingly dealt with in other sections. Similarly, traumatic lesions comprise 
a special subject. Hence this chapter deals with deformities of the spine 
which may be considered to have been theoretically preventable and 
are capable of improvement by mechanical means, whether of consti- 
tutional, static, paralytic, or arthritic origin. 

Anatomic and Physiologic Considhrations 

Effective treatment of spinal deformity must be based upon a knowl- 
edge of the grosser and simpler principles of the structure and function 
of the spine. Although there are marked differences in structure and 
form between the spine of the infant, child, adolescent, and adult, these 
differences do not materially modify the principles of treatment except 
in so far as the progressive decrease In resiliency and flexibility with 
advancing years makes treatment less and less effective; therefore, for 
the sake of brevity, variations with the age of the patient will not be 
enumerated. 

In general the spine is considered as that part of the vertebral 
column above the sacrum. It comprises about one-third of the length 
of the body and is composed of 24 segments, the upper seven being 
designated as the cervical, the eighth to the nineteenth inclusive as the 
dorsal, and the lower five as the lumbar. The first cervical vertebra 
articulates with the base of the skull, and the last lumbar vdth the 
sacrum, which is solidly fixed between the two iliac bones, forming 
^th them the unjielding pelvic ring. The sacrum represents the ba»e 
of the spine, being wider and thicker than any other vertebral seg- 
rrjsit, the bony mass tapers gradually in anteroposterior, lateral 
^ axial^ dimensions from the sacrum upward, so that the cervical 
vertebra is smaller in all diameters than the dorsal and the tJorsa] h 
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smaller and less massive than the lumbar; hence the column is pyram- 
idal, with its base below (Fig. i). 

Each segment or vertebra is in the form of an irregular osseous ring 
with a circular body flat above and below, forming an anterior portion, 
and a posterior portion known as the arch, made up of the laminae, 
spinous, transverse, and articular processes. The anterior and posterior 
portions are joined on each side by the short pedicle to form the ring 
(Figs. 2 and 3). Thus the spinal column is formed of a series of super- 
imposed rings, each articulating with the one above, both in its an- 
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terior and posterior portions. The bodies of the vertebrae are separated 
from each other by an intervening cushion of fibrous elastic tissue, 
the intervertebral disc, which fills the entire intervening space and is 
attached firmly to the vertebral body. The disc projects a little beyond 
the rim of the vertebral body. The periphery of the disc is firm and 
fibrous, while in its center is a soft and- movable fibrous mass, the 
nucleus pulposus, occupying little less than one-half the total area of 
the disc (Fig. 4). The discs vary in shape and thickness in different 
regions of the soine. In the cervical region they are thicker in front 
than behind, thus necessitating the normal anterior convexity of the 
cervical spine Similarly in the lumbar region they are a little thicker 



Pic 4 — Median sagittal section ot two lumbar '.'crtebrae and Ibeit Ivzaments (Gray) 


anteriorly, causing anterior convexity, and their general thickness 
here is greater than their cervical or dorsal thickness. In the dorsal 
region they are more nearly symmetrical, and the back\vard curve of 
the dorsal spine is due mote to the shape of the vertebral bodies and 
to the necessity of its conformation in connecting a curve above and 
below. The discs comprise 25 per cent of the total length of the spine, 
hence in the aged in whom they become narrowed the spine is short- 
ened and bent forward throughout. 

The posterior portion of each vertebra articulates on each side uith 
the one above by the articular processes, producing joints which, in the 
cervical region, are flat and slope backward and downward at an angle 
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smaller and less massive than the lumbar; hence the column is pyram- 
idal, with its base below (Kig. i). 

Each segment or vertebra is in the form of an irregular osseous ring 
with a circular body flat above and below, forming an anterior portion, 
and a posterior portion known as the nrch, made up of the laminae, 
spinous, transverse, and articular processes. The anterior and posterior 
portions are joined on each side by the short pedicle to form the ring 
(Figs. 2 and 3). Thus the spinal column is formed of a series of super- 
imposed rings, each articulating with the one above, both in its an- 
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importance in disordered states. For detailed study of the musculature 
of the spine, thorax, and abdomen, all of which must be regarded as 
controlling the spinal movements and stability, the reader should refer 
to standard works on anatomy. For the purpose of this discussion 



Fic 5— Normal physiologic curves Skeletal support of thorax and shoulder girdle 
o* muscular control, of the spine. (After 

rotiior ™ ^ trans%erse group; 
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of 50°, in the dorsal region arc more vertical and in the coronal plane, 
and in the lumbar region arc nearly vertical and in the sagittal plane, 
with the e.xception of the lumbosacral articulations, which are more in 
the frontal plane, thus permitting greater flexibility in the anteropos- 
terior movements. Thus each vertebra articulates with the one above at 
three joints, forming with each other a triangle. It is difficult to see 
how there could normally be much movement between two adjacent 
vertebrae or even much movement in the entire spinal column, particu- 
larly in light of the fact that all three articulations are firmly sur- 
rounded by dense ligaments. 

The articulation of these sepnents results in an osseohgamentous 
column, pyramidal in shape, containing in the canal produced oy tee 
foramina of the vertebrae the spinal cord and thus serving as an or^n 
of protection. Its other functions are maintaining the vertical position 
of the human body, sustaining the superimposed weight and suppor 
of the thorax, providing for flexibility and resilience, supporting an 
protecting the thoracic and abdominal viscera, and being the source 0 


origin for a vast system of complex musculature. . , 

To provide flexibiUty, resilience, and stability there arc in 
anteroposterior direction three curves, tlie cervical (convex ^tijerw yj» 
the dorsal (convex posteriorly), and the lumbar (convex anteno y;* 
• See Figure t. These curves are known as the physiologic 
their relationships to each other are of the greatest .u 

summit of the convexity of the cervical curve is at the level 
fifth cervical vertebra; that of. the dorsal curve, at the ana 
of the lumbar curve, at the fourth. In the transverse direction 
is normally no curve except a slight deviation conyexly to tn b 
extending from the middorsal to the midlumbar region and sai 


associated with the disposition of the vascular structures. .nfnal 
Support of the thorax is afforded by articulations with the sp 
column of the 32 ribs on each side (Fig. 5). From the jj-g 

tenth ribs the head of the rib articulates with both .,,ai]v 

vertebra and the one below by a double joint, while the first nd 
articulates only wth the body of the first dorsal vertebra, and toe ^ 
two ribs, with the eleventh and twelfth vertebrae, respectively, j 
over, the first to the tenth ribs have an additional articulation 
corresponding vertebra through their tubercles and the trans 
vertebral process In this manner the thoracic cage is suspend^ 
supported from the vertebral column and its shape is according y 
fied by changes in the relations of the spinal support. 


^ Musculature of the Spine.— Like all other joints or 
joints, the maintenance of stability, strength, and form is d P 
not alone upon articular or immediate periarticular structures, 
great measure upon those extrinsic elements which normally ane^ 
movement of the joint, namely, the muscles; and in the 
are massive and complex in their normal states and of mesim 
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viz., the sternocleidomastoid considered singly, the broad, strong, ex- 
ternal oblique muscle of the abdomen extending from the eighth rib 
downward, forward, and mesially to be inserted into the sheath of the 
rectus abdominis, Poupart’s ligament, and the iliac crest. The internal 
oblique muscle of the abdomen is similar in arrangement except for 
obliquity in the opposite direction, arising from the iliac crest and 
lumbar fasda to be inserted into the ribs, sternum, and rectus sheath. 

Transverse . — ^The transverse group (Fig. 6c) is concerned chiefly 
with minor movements as far as the spine is concerned but effects con- 
certed action of the upper extremity and thorax with the spine. The 
pectoralis major and minor, serratus magnus, latissimus dorsi, and 
trapezius effect movements of the shoulder girdle about the thorax and 
hence of the spine. Similarly the quadratus Inmborum and transverse 
abdominal muscles effect movement between the thorax and the pelvis. 

It is important to consider the continuity of muscular action by these 
groups from skull to pelvis and even the lower extremities. It ivill be 
seen that the movements of the spine are determined and partly lim- 
ited thereby and that deformity will ensue upon the release of control 
by any one group, as in paralysis, or upon the abnormal accentuation 
of the force e.xerted by any one or more groups, as in muscle spasm 
incidental to inflammatory process or spastic paralysis. The equilibrium 
of the spinal mechanism at rest or in movement must be secured largely 
by the reciprocal action of all muscle elements. 

Movements of the Spine. — The voluntary movements of the spine 
are of course controlled by these longitudinal and transverse muscle 
pulls within the limits of range permitted by bone and joint elements. 
The joints permit some movement between all vertebral segments, 
although they are variable in different portions of the spine, and the 
tripodal articulation definitely limits the range of movement enjoyed 
at each intervertebral joint The intervertebral discs are compressible 
and on movement adapt themselves in shape, the nucleus pulposus 
slipping forward, backward, or to either side. The articulations of the 
arch permit gliding movements only, and so the net result is that each 
intervertebral joint can bend fonvard, backward, and laterally, and 
can rotate. In a system of superimposed joints of this sort the maximum 
mobility of the spine w-ould be the summation of movements permitted 
oy these articulations if the spine were a straight rod, which it is not, 
and if it were not for other factors of limitation, such as the function 
of supporting the thoracic cage. Thus the degree of movement and its 
nature are modified by the relatively fixed nature of the physiologic 
curves. In the cervical region, flc.xion, extension, lateral flexion, and 
rotation are all free in range. In the dorsal region extension is prac- 
absent and flexion is limited, while lateral motion is consider- 
ate. In (he lumbar region lateral rotary movement is markedly re- 
stricted, but flexion is freer and extension is freest. 

Afore important than the exact ranges of movement at different levels 
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consideration can be given only to the general gross arrangement of 
those groups which, acting harmoniously, prevent deformity and main- 
tain stability, and the disturbance of any one of which may produce 
deformity. 

The spine must be regarded as the core of a cylinder of muscles 
which form the trunk, the core being situated posteriorly in the mass. 
The direction of muscular pull around the core is such that when all 
muscles arc of normal integrity and hence balanced, they act as the 
physiologic splint of the spine and in every movement of any nature 
every portion of the splint participates. 

Muscle Groups. — There are in general four muscle groups: (i) 
the extensor group, (2) the flexor group, (3) the rotator group, an 
(4) the transverse group. . ^ . 

Extensor . — The extensor group (Fig. 6b) is posterior to the y > 
extending as a great mass from the pelvis and sacro-iliac Itgam 
upward on both sides to the base of the skull, with rciays ° » 
and insertions. In addition to directly parallel longitudinal m 1 
portions at various levels curve laterally to insert into every no 
into the base of the occipital bone. More deeply the interruptioiw 
segmental so that the ribs arc connected to the transverse . . 
the vertebrae above, and to each other by intercostal muscles, 
transverse processes are Joined by little muscle plates. This peai 
imbeds the spine deeply except for the spinous processes, ail 01 
can be felt subcutaneously between the two muscle columns. . 

Flexor . — The flexor group Is anterior to the spine and comp 
two separate portions, viz., those intimately connected 
column and fliose of the anterior portion of the trunk, j 
(Fig. ed) consists of an upper portion or cervical group and ^ 
lumbofemoral group between which in the dorsal region the c 
is deficient. The upper group arises from the bodies of the 
sixth cervical vertebrae and, ascending in relays, is inserted 1 
bodies and transverse processes of superjacent vertebrae ana 
occipital bone. The lower group, the psoas mass, 
bodies, intervertebral discs, and transverse processes of the 
dorsal to the fourth lumbar vertebrae inclusively *0 be 

which tapers downward over the brim of the pelvis laterally 
inserted near the lesser trochanter of the femur. , , 

The anterior trunk group (Fig. 6a) is likewise interrupted in - 
cular continuity, but by the unyielding sternum, which subteno 
defect. Above, the sternocleidomastoid muscles arise from 
process of the temporal bone and descend to be inserted into the 
num and clavicle. Below, the rectus abdominis extends from tne 
racic rim in front to the pelvic brim below. The anterior 
intercostal muscles may also be regarded as participating in this ^ 

Rotator. — The rotator group (Fig. 6e) is composed of ^^,5 
oblique arrangement with reference to head, neck, trunk, and pe* ' 
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is the result oi combinations oi these in the spine as a whole, for to the 
latter must treatment be accorded to affect any deformity. Much of the 
seeming range of motion is really due to freedom of movement at the 
occipito-atloid juncture and at the hips, hence the latter must be 
eliminated by fixing the pelvis to attain an accurate estimate. Lovett - 
and others have emphasized the fact that in a flexible structure pos- 
sessing fixed anteroposterior curves, lateral bending is necessarily ac- 
companied by rotation; hence there can be no pure lateral movement 
of the spine without twist, although at different levels the relative 
proportions of lateral motion to twist in this compound movement 
vary. Moreover, the ratio is varied by concomitant flexion or extension 
of the spine as a whole. For details of these elements the reader should 
be referred to Lovett’s monograph, “Lateral Curvature of the Spine.” - 



Fics 10 and ii — ^Lateral lleiion of the normal spine. 

In general, forward flexion is a pure movement enabling the con- 
version of the spine into a curve of approximately one-fourth' of a 
circle (Figs. 7 and 8). The physiologic lumbar curve is obliterated, the 
dorsal is increased, and the cervical is decreased. 

Extension is also pure, i.e., free from rotation, and enjoyed to the 
degree shown in Figure 9. The movement is chiefly at the lower lumbar 
segments, although the physiologic dorsal curve is somewhat decreased. 

Lateral flexion (and rotation) in the erect position resolves itself 
into a movement chiefly of the dorsolumbar region (Figs. 10 and 11) 
and, according to Lovett," is accompanied by rotation of the vertebral 
bodies toward the concave side of the lateral curve. If, however, lateral 
flexion is carried out with the whole spine forward-flexed, a greater 
segment of the spine participates in the lateral curve and the vertebral 
bodies rotate toward the convex side thereof. 
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below, and by retentive apparatus in those cases exhibiting tendency 
to imbalance. 


Structural Curvature.— Structural scoliosis, on the other hand, is 
marked by the presence of deformity which a normal spine cannot as- 
sume, and by definite changes in the form and relation of the bony 



Fic 12 — Functional scoliosis compensatory to short ncht lower ertrermty. 

Fig 13 — Obliteration of deformity of spine by raisin!; richt lower extremity. 
Fic 14 — Absence of rotary deformity (structural) in forward flexion 


elements of the spine. These bone changes may be primary with ref- 
erence to the scoliosis, as in congenital malformation of bone, such as 
“wedge vertebrae” and other developmental anomalies of segments or 
articulations, or in changes in the shape of these elements due to 
nckels, neoplasm, granulomatous disease, or trauma. 
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Lateral flexion and rotation bdng indissolubly associated and re- 
ciprocal, the cfTort to eliminate one mechanically tends to restrict the 
other in the normal state, while the converse is true in certain de- 
formities. 

To summarize, the anteroposterior normal curves, together with the 
segmented osseoligamentous structure, assure a flc.xible mechanism of 
stability and equilibrium capable of generous mobility as a whole and 
requiring very little external support to maintain symmetry. The spine 
is, however, provided W’ith abundant muscular support, which, if bal- 
anced, augments these factors and which, if unbalanced, inflicts de- 
formity. Manifestly the plasticity of the structure has much to do mth 
its vulnerability to deformity from c-xternal influences. Thus in the 
mature spine marked degrees of muscular imbalance may be enecmeiy 
resisted while in the immature spine minor degrees of imbalance may 
. gradually produce extreme deformity. Moreover, intrinsic 
extrinsic influences other than muscular imbalance may be t c e 
ments originating deformity, but once instigated, imbalance e 
and augments deformity. 


General Scoliosis (Lateral Curvature of the Spine) 

Functional Curvature, — Lateral curvature of the spine ^ 
functional, i.e., unaccompanied by permanent anatomic cDangc 
bones. Such deformity may e.xisl as a normal compensatory 
to a short lower extremity from any cause (Figs. 

There is a singular lack of tendency for such a spine 
tural deformity. Moreover, in hysterical curvature, 
parent deformity is obtrusive, there is no structural change.^ •.♦Mtion. 
such forms are not the subject of physical therapeutic 
However, another form of lateral curvature primarily aPK 
functional not uncommonly becomes habitual and may 
ually into structural changes. This form a 

cause, usually between the ages of 6 and 12, and the 

deviation to the left. The curve is general, i.e., extends j 

length of the spine, the maximum deviation being at Ih® Jfv ^ j,, 

ninth or tenth dorsal vertebra. Such a deformity “ not 
curvature and is usually so gentle that the maximum °Jp^rees of 
exceed, as a rule, two inches from the median line. Sbgnt 
this type may be overlooked. There are no supplementary or w ij 
satory curves and torsion has not occurred, but there is eieja 
the left shoulder which is also displaced forward, while ^ 

displaced backward and the whole trunk is shifted be- 

indicated by the plumb line dropp^ vertically through me 
tween the buttocks (Figs. 15, 16, and 17). , ^ years 

It IS therefore essential that balance be maintained Lcom- 

of growth to avert conversion to the structural type. This 
plished by general calisthenics for the spinal musculature, dc 
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Static factors plus muscular imbalance incidental to the musculature 
of one side operating to a mechanical disadvantage against that of 
the other tend not only to perpetuate but to increase the deformity in 
just the same manner as these influences operate upon an ankle joint. 
Now when one of these influences is exerted ivith sufficient persistence 
in point of intensity and time, particularly upon the growing spine, a 
curve to the right or left is created and such curve is greater than the 
normal physiologic movement which the spine could assume in that 
direction. The convexity of the curve will be opposite the side in 
which contractural causes operate and usually on the opposite side to 
the paralysis in unilateral poliomyelitic scoliosis. 

As has been pointed out, the spine cannot be bent laterally at any 
given point beyond a certain limit without introducing the element 
of rotation or twist, and when such lateral curve is toward the right, 
the direction oi the rotation of the segments is toward the tight. In 
other words, the vertebral bodies rotate toward the convexity of the 
curve. This torsion occurs, not only between the vertebral segments, 
but actually in their bodies. Iliien the curvature is in the dorsal spine, 
the ribs on the convex side are curved backward with the rotating ver- 
tebrae, creating the “rotation hump” or gibbus. As the curve develops 
and the rotation occurs, there is crystallization of the stress of super- 
imposed weight upon the portions of (he vertebral bodies on the con- 
cave side, and in response to Wolff’s law, they become wedge-shaped 
(the base laterally) and otherwise distorted. Torsion is not confined 
to the immediate vicinity of the lateral curve but goes on above it. so 
that there develops a twist of the shoulders in relation to the pelvis. 

The ribs on the concave side are carried forward, accentuating the 
hollow in the back on that side, and the thorax thus becomes deformed. 
Attempted adaptive and compensatory adjustments resolve the de- 
formity Into one that must be regarded as no longer of the spine alone, 
but of the entire body. The patient in an Involuntary effort to compen- 
sate for such a disturbance of mechanics shifts \veight to the extremity 
on the side of the convexity and general disalignment of trunk and 
extremities ensues. 

Untreated, structural scoliotic deformity does one of two things: 
either it becomes spontaneously arrested at a certain point and the 
patient goes through life without serious disability, or it progresses 
gradually to a degree that terminates life at a comparatively early age. 
In the latter, deformation of the thorax distorts and compresses the 
respiratory and circulatory viscera, impairing the functions of both 
and resulting in impaired aeration and circulation, lowered resistance 
emaciation, and susceptibility to secondary infection. The thorax col- 
lapses into the pelvis until the ribs impinge upon the ilium, inflicting 
similar embarrassment upon the abdominal viscera. Such individuals 
seldom reach advanced years, being carried off by pneumonia or other 
terminal disea.se 




lorura, may create imbalance to the degree of structural „ic 

tracture of one side incidental to cicatrization of pleurisy or empy 
process or traumatic lesion of chest cavity, wall, or even ski 
result in structural scoliosis. . hlishcd. 

No matter what the origin, once structural change is es a 
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2. Acquired scoliosis: 

A. Anatomic asymmetry outside the spine 

1. Torticollis 

2. Asymmetry of the pelvis 

3 Unequal length of lower extremities 
4. Ocular asymmetry 

B. Disease of bones or joints of the spine 

1. Rickets 

2. Tuberculosis of the spine 

3. Arthritis of the spine 

4. Osteomyelitis of the spine 

5. Tumors 

6. Fracture or dislocation 



Fits ji and a? — ScoJiosj's due to nctrts 

Fig *3— Scoliosis due to chondrodsstrophy (kyphoscoliosis). 
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Etiology, — Inasmuch ns the wisdom of attempting treatment at all 
and llie prospect of any success depend to a considerable degree upon 
the extent and degree of fixation of the deformity and the causative 
agency, one considering treatment should recall the many etiologic 
factors in this deformity. These may be summarized as follows: 

I. Congenital scoliosis: 

A. Developmental anomalies of the vertebrae 

1. Wedge-shaped vertebra (one or more) 

2. Absence of one side of vertebra (one or more) 

3. Fusion of two or more vertebrae on one side 

B. Embryologic malformation of the thorax 

C. Deformity in uicro from pressure 


I 

1 



Fics i8 and lo — Conpenital scolio^ due to wedge-shaped vertehrae. 
Fio 20 — Acquired scoliosb secondaiy to left torticollis. 
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Treatment voinme nl 

It is evident in regarding the list of causes that many will not yield 
to physical therapeutic measures and that surgical or other orthopedic 
procedures directed toward the underlying pathology are indicated. 
Illustrations of scoliosis from different causes are shown in Figures 
i8 to 27, inclusive. (Figs. 18 and 19 show the congenital. Figs. 20-27 
show the acquired.) 



Fic 27— Scoliosis due to contracture of right Ihotacic ca\ity following old emp>em3 


Treatment. — Prophylactic . — Prevention, as in all other deformi- 
ties, is of the greatest importance. Routine examination of school 
children will aid in the early recognition of beginning deformity or 
prescoliotic evidences. Congenital scoliosis can thus be recorded 
watched, and controlled. Prescoliotic indications, such as the inclina- 
tion to assume asymmetrical attitudes in standing or sitting, or “pos- 
tural slouches,” ocular deviations, and rachitic round back, accompa- 
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7. Oslcochondrltis 

8. Dyschondrophsia and chondrodystrophy 

C. Deformity due to disturbance of muscle balance 

1. Infantile paralysis 

2. Spastic paralysis 

3. Dystonia musculorum 

4. Inflammatory or traumatic muscle spasm, lumbago, sci- . 
atica, sacro-iliac disease, hip joint disease 

5 . General muscular atony from any cause 

6. Muscular dystrophy 

7. Encephalitis Icthargica 

D. Contracture of extrinsic soft structures 

1. Unilateral pulmonary disease 

2. Thoracic empyema 

3. Cicatrization of the skin from burns or other trauma 



Fic *4 Scoliosis doe to infantile paralysis which has affected musculature 
abdomen, and right lovier extremity 

Fic. is Scoliosis due to dystonia musculorum. 

Fic. Scoliosb due to postencephalitic PatWnsonism. 
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curve I have referred to the associated torsion that occurs and to the 
tendency for imbalance to occur in the entire body For instance, when 
there is a dorsal curve to the right, in order to retain the center of 
gravity the body weight Is shifted more to the right lower extremity 
than to the left. This is an early effort of the body to compensate 
mechanically. Later there develops a curve above and below the pri- 
mary one in a further effort to establish the center of balance. These 
curves are known as secondary curves and are in a direction opposite 
to the primary curve. In this automatic adaptation the body may suc- 
ceed or fail. In those cases that become stationary or nonprogressive, 
the secondary curves and the primary one have become reciprocally 
compensated, and although there are three curves in the spine, the net 





an/npf Example of compensated scolioas Although there are structural chance 
“ uome equally on lower c^tRimties, le, there is no list. 

Fig jq— Same as Fi^ aS, flewd, disclosing torsion deformity 
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nied by other evidences of rickets, can be met in advance of real 
deformity, and by supervision, exercises, and sometimes apparatus, 
can be controlled during the growing period. Scoliosis can thus be 
averted. 

Of particular importance is a careful study of the spines of children 
who have had infantile paralysis. Extreme degrees of paralysis may 
result in little deformity owing cither to retention of balance despite 
loss of power, or to maturity of osseoligamentous structure. On the 
other hand, seemingly minor degrees of unilateral .spinal or abdominal 
paralysis may result in extreme degrees of deformity and often follow- 
ing a latent period of years. Moreover, many children have mild at- 
tacks of poliomyelitis without its having been recognized, but months 
or years later the scoliotic deformity Is observed. Once launched upon 
the tendency, progression of the deformity is likely to go on apace, 
and often in spite of intensive opposition in the form of treatment. 


Indications and Contraindications. — ^The principles^ of treat- 
ment in the paralytic type are applicable to all forms in which 
lying pathologic causes, such as tuberculous spine, 
not contraindicate movement, and hence movement is selected as tn 
basis" for outlining the routine. . , , .i 

The question should be asked first, “Can anything be expected 
treatment?” The answer is to be sought in the degree of fixation oi t 
deformity and in the determination of whether it is definitive and s • 
tionary. In the inveterate contracture in the adult there is 
of correcting the deformity. In the stationary scoliosis ^picn n 
arrived at a state of compensation and is not progressing in e 
adult or child, it had best be let alone as far as efforts to reo 
deformity are concerned. 


Purpose of Treatment.— The second question to be asked is^ 
“What are we trying to do?” If the answer to the latter is the a 
to unbend and untwist a structural lateral curve and to^ 
normal anatomic relation of distorted vertebrae, the ..y 

that of anyone who has had experience in the subject. The mu . 
of methods and machines directed to this end testifies to tfie impr 


bility of such accomplishment. u t rt that 

Arrest of Deformity.— Attention has been called to the lac 
structural scoliosis untreated either progresses to a hopeless aegic _ 
assumes a definitive state. The ideal of treatment in our nh 

standing of the subject is to secure the definitive arrested 
the maximum of correction by the application of those measures n 
convert the progressing deformity into the status of the one ‘ j 
become spontaneously arrested. This leads to the question, ' 
occurs spontaneously to arrest deformity in this type?” K ‘S S'" ' , of 
accepted at present that this is accomplished by the da™°P™'f:o,ic 
compensatory balance. During the development of a primary sconv 
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Fig 30 — Prescoliotic attitude Latent curve without structural chanpc Potentiallj* 
inclined to become procressi\e and develop structural chanpe. 

Fic 31 — Lateral view of Fic 30, indicating tendency to slouch. 
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result is realignment of the whole so that imbalance has been cot* 
reeled. In such a case the plumb line will fall through the median line 
of the cervical vertebrae and through the internatal fold, although the 
spinous processes will deviate from the line in three areas (Figs, iS 
and 29). Now to disturb this mechanism by attempted correction'of 
deformity is to court the danger of breaking the compensation and 
making the 'patient worse. Such a spine has already attained the near- 
est ideal toward which treatment strives, namely, the establishment of 
compensation. Every scoliotic spine makes the effort to do this auto- 
matically, but many fail. Treatment is directed toward helping in that 
direction. 

To this subject most salutary contribution has been made by Stein- 
dler,^ and his conceptions are utilized ns the basis of the treatment 
given herein. 

RchabUitalion of Muscles . — In the potential scoliotic patient before 
structural change has occurred (Figs. 15, ib, 17, 30, and 31), viz., the 
type of child that assumes asymmetrical attitudes in walking, standing, 
or sitting, and in the patient whose general musculature has been sub- 
jected fo deterioration by prolonged illness or recumbency for any 
reason, the object of treatment is the rehabilitation of the normal 
splints of the spine — the muscles. Supervised exercises desired to 
bring into play all the intrinsic and e.xtrinsic musculature encctmg 
spinal integrity are instituted It is to be assumed that general 
examination has determined whether such a regime is compatipfe as 
indicated by the cardiovascular, respiratory, and general conditions 
Exercises must be graded carefully, according to the requirements an 
the capacity of the child. In no instance should either child 
be subjected to exercise to the degree of fatigue or weariness. Thus n 
may be advisable to subject each muscle group to no more than 
two contractions in the beginning, until each can be accomphsceo wtn 
ease and grace. It is important that the therapist be cognizant oi ine 
fact that no amount of passive ministration to a muscle in the form 
massage can be substituted for voluntary contraction in restoring tone 
and strength; and passive ministration in these cases should be hmi e 
merely to the touch to indicate to the patient the direction of 
effort. However, when the latter is insufficient to accomplish a given 
movement, it should be performed with the passive aid of the » 
until the therapist's assistance is no longer needed. The . 

conducting exercises with passive aid is described below under, 
cises B. 

The exercises designed to strengthen all spinal musculature, in 1 
cated below under Exercises A, ate properly used as supplemenw^ 
to other more specifically directed treatment in cases of estaDlisn 
scoliosis. 

Such exercises may be given in classes, but only after each memb^ 
understands the procedure and has developed a fair degree of musuc 
capacity through preliminary individual work. 
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Structural Scoliosis of Paralytic Origin 

Diagnosis. — It is assumed that a structural curve has developed. 
The first procedure is the securing of proper records. These include, 
in addition to the general physical and orthopedic e.xamination, photo- 
graphic and radiographic records made under standard technic. Posing 
for the photograph is ideally done under the direction of either surgeon 
or physical therapist. The spinous processes are marked with black 
court-plaster and a plumb line of black is dropped vertically through 
the internatal fold to determine the median line. The patient stands 
in natural relaxation with heels parallel to the lens of the camera. 
Light, distance, and exposure must be invariable if photographic 
records are to be of value for comparison. This view discloses the 
location and degree of deviation of spinous processes from the median 



Fic 34— Scoliosis lumbodorsal. structural, left, infantile paralytic, se^ere. 

F« 35— ScolioMS cer\icodors3l. structural, nsht, moderately sc\erc 
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In the patient whose muscular structure cannot maintain symmetry 
and balance, the treatment should be supplemented by a light back 
brace and an abdominal support or a corset (Figs. 32 and 33). In the 
event that the examination and the experience of the therapist disclose 
that the musculature of one or more groups is weaker comparatively 
than that of others, particular attention should be given to that group, 
and in such cases external support is particularly indicated. 



Fig. 3*. Type of brace for support of prescoHotic patient between The 

worn most of the time when up and about until musculature aPPf/^/P^P'ostenorly 
brace must be light, hence it should be made of aluminum and adjustable p« 
and laterally 


Fic. 33 Another type light but effective brace. 
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line and the shift of the trunk to one side or the other. The second 
exposure, which is made from behind with the spine flexed, records 
the degree of torsion as indicated by the gibbus which is on the convex 
side of the curve in structural cases and in the same area as the 
primary curve. If it is on the opposite side, the case must be regarded 
as functional scoliosis (Fig. 14). 

The degree of rotation of the trunk is estimated by looking down- 
ward from above, behind the patient, and determining the relation of 
the scapulae or shoulder girdle to the pelvis. 

Radiographic study is made of the whole length of the spine antero- 
posteriorly, not only to determine the degree of primary and secondary 
curves, but to note the extent of deformity in the vertebrae and ribs. 



“ol'"--'* N" list. «.al balanct main- 
tahibUins dtjrea of rolary 
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flexibility. Applies- Fio 38 — Determining flexibility. 
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ing it. Determination at this point must be made as to whether the case 
at hand is in a state of compensation. If so, the future treatment 
should be directed toward keeping it so; if not, it should be designed 
to make it so. 

By compensation is meant the state in which the primary and sec- 
ondary curves and torsions counteract each other to the degree that 
the central axial line remains vertical and central, thus maintaining 
balance (Figs. 39 and 40). 

By decompensation is meant the absence or insufficiency of com- 
pensatory secondary curves, permitting shifting of the whole super- 
imposed trunk to one side with the pelvic center in one axis and the 
cranial center in another, creating leverage which adds the effect of 
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Observation should also be made in the prone position, for therein 
the functional curve disappears and the structural curve is modified 
by relief from superimposed weight. 

Descriptive record is thus made as the diagnosis. Scoliosis is de- 
scribed as to the location of the primary curve, the degree thereof 
(whether it is structural or functional), and its etiology. For instance: 

Scoliosis: lumbodorsal, structural, left, infantile paralytic, severe 
(Fig. 34); or scoliosis: cervicodorsal, structural, right, infantile para- 
lytic, moderately severe (Fig. 35). 

The flexibility should be recorded because of its important relation 
to treatment. It may be visuali2ed by suspension of the trunk by the 
head (Figs. 37 and 38). The more rigid the spinal curve, the more 
resistant it is to continued increase in itself and to efforts at decreas- 
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ing it. Determination at this point must be made as to whether the case 
at hand is in a state of compensation. If so, the future treatment 
should be directed toward keeping it so; if not, it should be designed 
to make it so. 

By compensation is meant the state in which the primary and sec* 
ondarj’ cur\'es and torsions counteract each other to the degree that 
the central axial line remains vertical and central, thus maintaining 
balance (Figs. 39 and 40). 

By decompensation is meant the absence or insufficiency of com- 
pensatory secondary cur%’es, permitting shifting of the whole super- 
imposed trunk to one side with the peUdc center in one axis and the 
cranial center in another, creating leverage which adds the effect of 




— Decompensation (adnnced) in right «tnictiiral xt . 

trcme I.t. complete loss of center of gra>-«y. aTab4™fo?com^ia“ 

Fic 44 — Same as F15 43 
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Observation should also be made in the prone position, for therein 
the functional curve disappears and the structural curve is modified 
by relief from superimposed weight. 

Descriptive record is thus made as the diagnosis. Scoliosis is de- 
scribed as to the location of the primary curve, the degree thereof 
(whether it is structural or functional), and its etiology. For instance: 

Scoliosis: lumbodorsal, structural, left, infantile paralytic, severe 
(Fig. 34); or scoliosis: cervicodorsal, structural, right, infantile para- 
lytic, moderately severe (Fig. 35). 

The flexibility should be recorded because of its important relation 
to treatment. It may be visualized by suspension of the trunk by the 
head (Figs. 37 and 38). The more rigid the spinal curve, the more 
resistant it is to continued increase in itself and to efforts at decreas- 



Fio. 4t— Decompensation (early) in left dorsal scoliosU Note list to »n 
absence of compensator>- curves 
Fic 4 J — Same, revealing rotation 


Treatment 


Chipter 171 Q1 
Volume IlJ 


At any time, particularly during the growing period, the compen- 
sated scoliosis may lose its balance and become decompensated, and 
then the primary curve progresses and the secondary curves become 
relatively decreased. This “breaking” of compensation occurs most 
commonly at the lumbodorsal juncture. It is possible in some instances 
to regain compensation by means of a brace and exercises and passive 
efforts at reversing the direction of the leverage of superimposed 
weight. These are outlined below under shifting exercises. This regime 



Fig 47 — ^Treatment of decompensated scoliosis Head and peKic traction upon cur,ed 
Bradford frame Breathing eccrcises may be adminbtered during this period 


must be continued for an indefinite period, preferably until maturity 
of bony structure. 

Treatment. — In the early case of decompensated scoliosis in which 
balance cannot be reestablished and in the confirmed state of decom- 
pensation, treatment must be directed toward the artificial creation of 
compensatory curves and the maintenance thereof by apparatus, and 
toward the rehabilitation of the musculature in its new relation to 
enable it to maintain the curves \Yithout apparatus. Failing in the 
latter, one has the choice between continued apparatus and operative 
ankylosis of part or all of the primary curve and part of the secondary 
curve. ^ 
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avity to the contrjictural dement of the primary curve, and causing 
to collapse further (Figs. 41-46)* 

In the compensated type the record must be kept for comparison at 
tervals to detect evidences of decompensation, and treatment con- 
sts in exercises for the prescoUotic patient as outlined above and in 
lecial corrective exercises indicated below (Exercises C). 



Fig. 45.— Same as Fir 44 . 

Fio 46 — Confirmed decompensation Fixed spine In extreme dUalipntntnl d* 0 
It thorax and impairment of general health. 
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the gymnasium for the exercises (Fig. 47). The latter, both active and 
passive, must be directed to^va^d mobilizing the lumbar and cervico- 
dorsal portions of the spine as described in Exercises C and D. 

The establishment of compensatory curves or the beginning thereof 
requires several weeks. When the curves have been attained to the 
degree that the mobilized spine may be passively placed in an atti- 
tude which is the reverse of its former inclination, viz., \vith the 
summation of the upper and lower curves equal to the primary one 
and with the pelvis rotated to the side opposite its former relation to 
the shoulders, a plaster jacket and spica are applied to retain this cor- 
rection, the jacket being provided with windows for pads to accentuate 
it (Figs. 48 and 49). 
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Artificial Creation of Compensatory Curves. — Older forms of 
treatment consisted of energetic, forcible redressment, stretching, and 
apparatus designed forcibly to unbend the primary curve, a procedure 
now considered inadvisable because it removes one quality of service 
in preventing further deformity, viz., the rigidity of the primary curve. 
In less forcible application of such measures, although clinically and 
radiographically there appears to be a decrease in the primary curve, 
the important result is the formation of new curves above and belor^ 
To enhance the latter, the unfixed portions of the spine are Hnibered 
by gymnastics, mobilizing exercises, and head and pelvic traction m 
recumbency. The patient is maintained on a Bradford frame, with 
traction upon the head and the pelvis, and is removed twice daily to 
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for the spine; (B) passively aided muscle training; (C) asymmetric 
muscle training in particular deformity; (D) passive manipulative 
procedure to mobilize the spine and create compensatory curves. 

Symmetrical muscle training. — ^The object to be attained is 
equal development of the spinal musculature — viz., the e.xtensor, 
flexor, lateral flexor, and rotator groups. This is best done with the 
patient recumbent, when the factors of weight-bearing in the upright 



Fio S4 —Flexor group training. 
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The plaster is applied with head traction wth the patient in the 
standing position. The arm on the side opposite the curve is strongly 
elevated. The lower extremity on the same side, i.e., opposite the con- 
vexity, is abducted. This position accentuates the secondary curves. 
The trunk is steadied by pressure over the anterior and postenot 
prominences of the deformed thorax, and while the patient assumes 
the attitude of the shift, the plaster is applied from neck to knee on 
the abducted side, rotary relation of pelvis and shoulders also being 
secured. , , , ^ ... 

A fenestra over the gibbus permits insertion of felt pads from ume 
to time (Fig. so). The child may be up and about and the pias ers 
may be changed at intervals for a period of from thj’w to ' 

Upon the’removal of the plaster a brace is applied ^ai 
positions secured by the plaster (Fig. 51) ond physical ther^W 
resumed, consisting of shifting and the general calisthenics 0 • 

Photographic and radiographic records are again made *or oompa 
months and years hence. The problem now is to retain what b . 
accomplished. The general exercises and brace are to be co 
for two years at least. Swimming and the ordinary activities 
be encouraged within reasonable limits. oweists 

In addition to the general exercises outlined, 
both naturally and by expiration against resistance with \Vo . ^ 
are valuable in cases in which the thoracic area has been cn 
upon by deformity. _ . , pjQ. 

Recurrence of decompensation justifies repetition of the 
cedure and fusion in selected cases. 

Rehabilitation of Moscolature; Physical 
part of the physical therapist in scoliosis may thus be su 


(1) Potential scoliosis 

a. General muscle training: posture work 

(2) Compensated scoliosis 

a. General muscle training 

b. Shifting exercises 

(3) Decompensated scoliosis 

a. hlobilization exercises 

1. Creeping 

2. Passive stretchings and torsions 

b. Retentive exercises 

1. General muscle training 

2. Swimming 

3. Breathing exercises 

4. Shifting exercises 

For the purpose of description the technic (consisting 
will be divided as follows: (A) symmetrical general muse 
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54-57; the lateral flexor groups, as in Figures sS-60; and the lateral 
and rotator groups, as in Figures 61 and 62. 

Passively aided muscle training. — When the patient cannot 
voluntarily accomplish one or more of the group movements, the 
voluntary effort is augmented by the therapist’s passive aid. It may 
be advisable to commence with a limited range of the desired move- 
ment and gradually increase the range. The application of passive aid 
to muscle training is illustrated in Figures 63 to 73, inclusive. 

Asymmetrical muscle training and movements. — This group 
of exercises is used in the compensated scoliosis to assure its mainte- 
nance; in the early decompensation, to attempt to regain compensation; 
and in the decompensated case, while undergoing traction in bed, to 
create compensatory curves. The technic varies with the deformity at 
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position are removed. By test it must be determined whether the 
patient is capable of carrying out the movements. If one or more 
movements are especially weak, it is well to neglect the others and to 
concentrate on this one, with passive aid as described under “B.” 

Shifting and insecurity of the pelvis must be eliminated by strap- 
ping. Movements must not be hurried or jerky, but slow and complete 
in range. The illustrations are self-explanatory. The extensor group 
is trained as in Figures 52 and 53; the flexor groups, as in Figures 
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the balance. The exercise is carried out several times within the limits 
of fatigue. 

These are supplemented by the creeping exercises described by 
Klapp * (Figs. 78-72). Locomotion by means of hands and knees is a 
general e.\erciser of spinal musculature if done symmetrically, and 
when carried out asymmetrically, it both mobilizes and exerts a cor- 
rective influence. The movements are carried out with a voluntary 
stretching of the concavity of the scoliosis at each upward and forward 



Fics 61 and 62 — ^Lateral and rotator training. 

thrust of the left upper extremity (Fig. 79), and the movement is 
repeated with progression of crawling. 

In addition, asymmetric lateral flexion is performed, accompanied 
by voluntary passive stretching by the patient (Fig. 83). In this the 
patient voluntarily contracts the muscles on the convex side of the 
curve while utilizing the upper extremities as levers for passive 
stretching of the concave side. This is done rhythmically and slowly 
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hand. As an example, a typical decompensated right structural dorsal 
scoliosis of paralytic origin is shown in Figures 74 and 75. The patient 
was retaincti in recumbent head and pelvic traction while Exer- 
cises B were carried out in addition to efforts to mobilize the com- 
pensatory curves by means of the shifting exercises. 

For the shifting exercises the patient stands erect with the hands 
resting firmly upon the pelvis and, by direct downward push with the 
upper extremities, applies upward push upon the trunk to the maximum 
degree of correction of the curve (Fig. 76). WTiile this position is held, 
the trunk is shifted to the extreme degree to the side opposite the curve 
(Fig. 77). This tends to accentuate compensatory curves and to realign 




Figs 5g and 6o— Lateral flexor IraininiJ. 
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Fics. 6s and 66— Passive aid to flexion, increased 


range. 
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Fua. 63 and 64. — Passive aid to flexion, limited range. 
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knee is flexed rhythmically, adding weight to the corrective influence 
of the traction. To these exercises may be added the asymmetric use 
of any of the general muscle-training exercises outlined in A and B. 

Passive manipulative procedures. — For the sake of simplicity 
the numerous mechanical devices for exerting forcible traction and 
passive movement will not be enumerated. They are all based upon the 
effort to secure hold upon the trunk by fixation of the pelvis and by 
utilizing the upper extremities and thorax to apply pull, rotation, and 
corrective fle.xion. It is doubtful if complicated apparatus will retain a 



Fvg. 7j. — pastUe aid in tolaiion. 


place in this field, and it certainly never will assume the place of the 
well-trained, devoted physical therapist who intelligently applies the 
simpler procedures above outlined. After all, the present knowledge of 
the subject eliminates the urge forcibly to unbend and untwist a scoli- 
otic curve, and it is apparent that the desideratum, i.e., the compensa- 
tion, can be secured without it and that nothing else can be secured 
With it. Moreover, rapid forcible correction is utterly out of the ques- 
tion, therefore all that can be expected of apparatus is to spare the 
physical labor of the physical therapist. Every movement lending to act 
in a direction opposite to the tendency of the deformity, whether active 
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A similar influence is exerted by the standing suspension and abduc- 
tion exercises (Fig. 84). The left hand grasps the bar in a manner to 
extend the scoliotic curve by traction while the right lower extremity, 
aided by the right hand which depresses the right shoulder, is gradu- 
ally and rhythmically abducted. Thus the right shoulder and the lower 
extremity arc approximated, and while they are in this position the left 
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consists merely of a lunged table in which the point of bending may 
be used as a fulcrum at the summit of the primary curve wth the 
patient keeping himself in traction by holding on with his hands. 

The model used for this series of exercises (B, C, D) was subjected 
to the routine of decompensated scoliosis, viz., recumbent traction; 
mobilization; corrective exercises B, C, and D; the shift plaster spica 
(Figs. 91 and 92); a brace; and indefinite continuation of the asym- 
metric muscle-training and shift exercises. Compensation has been 
attained to the degree shown in Figures 93 and 94, and \vill gradually 
increase. The regime must be continued until the spinal structures 
mature. 

It is justifiable when in doubt as to the necessity of apparatus or 
of head and pelvic traction to attempt the use of physical therapy 
alone and to observe the course, for there are severely decompensated 



Fig. 76. — Shifting exercise. Movement No. i. 
Fig. 77. — Shifting exercise. Movement No. a. 
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or passive, is capable of oft-repeated exertion by the patient and the 
therapist if there is mutual understanding of the aim. 

The simplest and most effective measures of passive ministration 
are head and pelvic traction in recumbency, the shift plaster described, 
and suspension of the patient by the arms and head. Voluntary stretch- 
ing while suspended on the rings is illustrated in Figures 85 and 86. 
The patient hangs on the rings and by rhythmic movements in the 
position shown in Figure 86, stretches the concave side of the curve 
and contracts the opposite. This may be supplemented by passive 
application of gravitational traction in the Sayre device (Figs. 87 and 
88). These same principles are applicable by means of apparatus 
counterbalanced by weights, in which the efforts of the operator are 
exerted with less work, such as the device in Figures 89 and 90, which 



Fas. 74 ‘ — Right structural dorsal scoliosis decompensated model (or Eicrcises C. 
Fic. 75 — Same. In flexion. 
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curves that respond readily without the tedium of the longer routine. 
Such an instance is well illustrated in Figures 95 and g6, which depict 
severe imbalance and list and no effort at compensation. The patient 
possesses excellent musculature throughout; the capacity to shift is 
shown in Figure 97, and with no other treatment than physical therapy 
she has attained correction of balance as indicated in Figures 98 
and 99. 



Fics. 8x and 8z. — Cree(MDg exercises. 


The patient must be impressed with the necessity of indefinite con- 
^*^^^tion of observation and physical therapeutic work at home. 

The mere presence of deformity must not lead the surgeon or 
into treatment of a stationary curve. Figures 100 and loi 
exhibit extreme deformity which, ivithout treatment other than a brace, 
l^aniains equilibrium and compensation and hence should not be 
nterfered with. The patient was not seen for two years, when he 
returned improved (Figs. 102 and 103). 
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Fics 78. 79, and 80. — Ctccpias exercises. 




structure directly by operation. The maximum correction of the pri- 
mary curve and the creation of the secondary curves having been at- 
tained through the measures hitherto described, the bony structures of 
the spine are exposed and, by operative measures, converted into a 
rigid segment, either by a bone graft or by plastic bone operation upon 
the vertebrae. Details of the procedure may be found in standard 
works or orthopedic surgery. An instance is illustrated in Figures 109- 




Fic. 84. — Suspension and abduc^on exercise. 

1:2 wherein, in the presence of extreme tendency to decompensation, 
tne spine was fused surgically from the sixth dorsal to the second lum- 
fV resulting maintenance of stability and alignment. In 

tnis Held, however, disappointments and relapses in loss of equilibrium 
aiier operative treatment are not uncommon. 

In Figures 38 to 88 inclusive the seemingly remarkable degree of 
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Furthermore, enthusiasm for physical therapeutic measures should 
not lead the therapist to ignore the effectiveness of measures of ex- 
ternal support. Indicative of this feature is a case of spastic dystonic 
scoliosis of severe degree (Fig. 104) made worse by any active or 
passive measures of physical therapy. When held in plaster for months 
(Figs 105 and 106), and later in a brace, the scoliosis subsided with 
decrease in the intensity of muscle hypertonicity to the degree shown in 



Fio. 83.— Asymmetric lateral flexion aided by voluntary passive stretching. 


Figures 107 and 108. If the patient had not been supported artificially, 
this curve would have become irretrievably fixed in decompensnti • 
Occasionally experience may convince one of the 
making the spine stiff by “splinting from within.” In other words, 
extrinsic elements upon which reliance must be placed to maintain co 
pensalion are undependable. This having been determined 
delicate determination), it becomes necessary to attack the skeletal 
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The impressions given herewith are based upon the writer’s experi- 
ence with approximately 175 cases of scoliosis in the last ten years, but 
they have originated largely in the substantial contributions to tjie 
literature on this subject by R. W. Lovett,- Arthur Steindler,® W. 
Schulthess,^ and others from whose writings I have borrowed. 



Fics. 87 and 8S — \-ertical traction. 


Dorsum Rotundum (Round Back) 

The deformity of the spine incidental to loss of stability from any 
cause may be confined to anteroposterior, deviations. In other words 
Were is no lateral curve or torsion. . ’ 

Any factor causing loss of tonicity of the general musculature or 
ratening of the osseous or cartilaginous structures of the spine tends 
<•0 result in longitudinal collapse which is followed by pathologic 
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passive correction of scoliosis by means of vertical traction has been 
disclosed, and one is impressed by the fact that if such a degree of 
corrective influence could be perpetually exerted, the outlook in gen- 
eral would be better. This impression has been corroborated in my 
experience with those who, because of paralysis of the lower extrem- 
ities, have been obliged to use crutches to such a degree that one 
rnight be tempted to designate crutches as one of the most effective 
means of treating this complex and' intractable deformity (Figs. X13, 
114, and 115). 

Conclusion. — In conclusion, one must not at best regard the pros- 
pect in scoliosis with optimism. It is a field which requires all the 
ingenuity of the surgeon and the physical therapist and is fraught 
with many disappointments. In it more than in any other field, per- 
haps, are teamwork, patience, and pertinacity essential. 



Fio. P5 — Passive voluntary stretching on rings. 

Fio S6 — Passive voluntary stretching suspended by the rings. 
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increase in the physiologic curves. Depending upon the nature of the 
underlying pathology, the length of time inflicted, and the treatment 
accorded, the exaggerated curves become more or less fixed. This 
deformity varies in degree from mild postural relaxation which is 
readily passively corrected to the great rigid round back of chronic 
arthritis. In the aged the thinning of the intervertebral discs creates 
the general forward-bent spine. 

Since the treatment of postural deformities is found elsewhere, I 
confine the present discussion to round back in children, due to changes 
in the osseocartilaginous structures. Such changes are in the nature of 
maladc phenomena secondary to either general or local factors. More- 
over, the changes may be general throughout the spine or limited to 
certain areas thereof. 



Fic. Qi. — Model after application of shift plaster spica. 
F:c. 02. — Po^erior view of same. 





Figs. Ro and go. — Traction and passive morament by means of counterbalanced hinged 
table. 
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2. Limited portion of the spine 

a. Localized epiphysitis 

b. Localized arthritis 

c. Localized trauma (fracture) 



Fic. 95. — Decompensation, lumbodocsal right structural scoliosis. 
Fig. 96. — Same as Fig. 95, flexed. 
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Etiology. — ^The etiology of fixed round back may be summarized as 
follows: 

I. Malformation of vertebrae or cartilages due to: 

a. General skeletal disease 

1. Rickets 

2 . Chondrodystrophy 

3. Osteomalacia 

b. Skeletal disease affecting the spine alone 
1. The entire spine 

a. Osteochondritis 

b. Arthritis 

c. Absorption of cartilage in the aged 



Fig gj.— Model one year after beginning treatment. Acquisition of compensation and 
maintenance therapy. 

Fic 04 — Same as Fig oi. flexed. 
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Moreover, the general symmetrical exercises for trunk and spinal 
musculature should be instituted as early as the cooperation of the 
patient can be secured. 

At a later period in life, i.e., in the second decade, most commonly 
in girls at the age of 14 to 17, there occurs the common form of 
“round shoulders” or round back, the result of asthenia of any form 
and static in origin. It may be readily corrected passively and the 
treatment consists of posture training, symmetrical muscle training, 
and, in intractable types, of a brace, as described under “Scoliosis” 
(Fig. 33). In those in whom forward rotation of the shoulders appears 
to be the chief element of deformity, a simple shoulder strap may 
suffice (Fig. 1 1 6). The outlook in the static form, if exercises and 
training are persistent, is good for the ultimate correction of the 
tendency. 



Fic. 100 — Marked deformity, structural, treated with brace only. 
Fic. roi. — Same as Fig. loo, flexed. 
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d. Tuberculosis 

e. Congenital malformation of the vertebrae 

In infancy there is little or no physiologic lordosis in the lumbar 
region. This is acquired gradually, as sitting up is acquired, and is 
increased upon standing and walking. But in infancy, if the child is 
rachitic or if there is general muscular atony, the back is inclined to 
assume an attitude of general backward curve; in other words, the 
whole trunk has “slumped” forward. To prevent such a deformity 
from becoming confirmed, it is better to discourage sitting until gen- 
eral rachitic treatment has improved the underlying factor. In such 
cases a light corset reenforced posteriorly to support the usually 
pendulous abdomen and to maintain the spine erect should be worn, 
and upon walking the light brace illustrated in the section on scoliosis 
(Figs. 32 and 33) should be utili2ed. 



Fic 97 — Same as Fig gs, shtfUng. 

Fic. g3. — Realigned and compensated by physical therapy alone. 
Fic gg.— Same as Fig. g8, flexed. 
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chest is deep, but the muscles are strong and no disability results; 
in girls more often the patient becomes asthenic and goes through life 
in semi-invalidism, when untreated. 

This entity is evidently the result of an atypical or pathologic 
process of ossification of the epiphyses of the bodies of the vertebrae. 
In the growth of the longitudinal thickness of each vertebra there ap- 
pears at the upper and lower articular surfaces a disc of bony ossifi- 
cation which is first noted at the age of 13 or 14. This disc gradually 
increases in thickness and unites when the individual is at the age of 



Fic. 104. — Scoliosis due to d>'stonia musculorum. 


22 or 23 or when the body completes its groivth. In those children 
developing the above-described deformity, these discs become irregular 
and sometimes fragmented, suggesting the nature of the changes seen 
‘djde growing femoral capital epiphyses in Legg’s (Perthes’) disease 
and the carpal navicular in Koehler’s disease. Even untreated ossifica- 
aKi” dd is ultimately completed, but the result is the unalter- 
tn "kt disease there is sufficient resiliency 

10 enable correction, which, however, becomes progressively more re- 





eo 


Dorsum Rotundum 


Much more difficult is the dorsum rotundum in children of this 
same age which has as its origin a disorder of the growth of the ver- 
tebrae. The back gradually and painlessly assumes the attitude of 
excessive convexity of the dorsal spine and this convexity is fixed, 
i.e., cannot be passively or actively corrected. The head is thrust 
forward and in a compensatory effort to maintain balance the lumbar 
curve becomes accentuated. Thus there is the picture of round back 
above and “sway back” or hollow back below (Figs. 117 and 118). 
The shoulders are narrow and the abdomen sags. Thus there is assumed 
the “habitus ptoticus” wth flattening of the chest, descent of the 
diaphragm, limitation of respiratory excursion, and abdominal visceral 
ptosis with its train of disorders. Not uncommonly, in boys the dis- 
order becomes arrested; the back remains round and fixed and the 



Fic. loj— Same as Fig. loo. After t years with brace only. Compensated w>th 
or no treatment 

Fig to.; — Same as Fig. loj, flexed. 
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c. Later muscle training 

d. General treatment of underlying cause 

e. Radiation, violet rays 
2 . In adolescence: 

Congenital 

Static 

Postural 

a. Symmetrical muscle training 

b. Swimming 

c. Corset, brace, or shoulder straps 
Osteochondritic 

a. Same as a, b, and c under “i” 

b. Recumbency and traction, if needed 

c. Special passive and active exercises 
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sistant with time. It would appear that this pathology may be rather 
acute in its onset, causing pain in the back, fatigue on little exertion, 
and sometimes pain on movement, and it may thus be confused with 
early tuberculosis or other disease. On the other hand, it may be of 
such gradual development as to be unnoticed except for the deformity. 
Moreover, it may be diffuse, affecting all the spinal elements, or it may 
be localized, in two or three vertebrae. In the former deformity will be 
general; in the latter it may be angular to the degree of localized 
gibbus. . 

. 'Treatment. — This may be epitomized as follows: 

I. In infancy: 

Rachitic 

Aniyotonic 

a. Recumbency 

b. Corset supports 
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Recumbency and traction having corrected the deformity, the prob- 
lem is to maintain it. This is accomplished by braces of the types 
illustrated (Figs. 32-33). 

Muscle Training. — In the case without pain, which is the usual 
type, the treatment consists of general muscle training of spine and 
trunk and special active and passive corrective procedures. The regime 
is directed toward the re&tablishment of general muscle tone, and 
hence support; passive correction of the posterior convexity of the 
dorsal spine and anterior convexity of the lumbar spine, and inci- 
dentally retraction of the abdomen; and elevation of the diaphragm 
and expansion of the chest. The passive corrective procedures are 
really applied under the physical therapist's direction by the patient 



Fig. 115.— Same as Figs. 113 and 114- Striking corrective influence of crutches. 
Fic. ij 6. — Simple shoulder apparatus in round shoulders. 
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3. In adults: 

Arthritic 

Traumatic 

a. Recumbency in Bradford frame, plaster dressing, traction 

b. Brace 

c. After quiescence, heat, massage, muscle training 

Tuberculosis and other infections causing deformity are discussed' 
elsewhere. Herewith is treated only the dorsum rotundum of ado- 
lescence due to vertebral disorder of growth referred to above. The 
principles are the same as In any anteroposterior deformity of the 



Fic. 113. — Marked altitudinal and paralytic scoliosis. 
Fic. 1x4. — Same as Fig. 113, from behind. 


spine. First of all, if pain is present, all procedures involving m 
ment, either active or passive, are contraindicated. Second, if , 
absent but is caused by movement, the latter is contraindicated. » 
if pain is absent on active or passive movement, then movements 
active and passive are essential in the treatment. 

Recumbency and Tiuvction. — In the presence of round back with 
pain, tenderness, or instability, primary treatment consists / 

bency on the Bradford frame with head and pelvic traction (Hg- 
Thus can deformity be gradually and painlessly corrected, and q 
escence of the painful element can be encouraged. 
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himself and are therefore not purely passive but are the more effective 
for that reason. The useful procedures for the purpose are as follows: 

1. Direct Vertical Traction on the Rings, Accompanied by Swing- 
ing. This elevates the shoulders, flattens the abdomen, pulls upon the 
chest wall through the thoracicohumeral musculature, and tends to 
exert traction on the round back (Fig. iiq). 

2. Standing Backward Shoulder Stretching. The patient, standing 
in a corner with hands applied to .walls, bends forward and pushes 
forward with lower extremities. This pushes the shoulders backward 
upon the thorax and expands the chest anteriorly (Figs. 120 and 121). 

'3. Recumbent Stretching on Roll wider Round Back. A thick felt 
pad or roll is placed beneath the dorsal spine ^vith arms behind ,the 
head. Arms and head above and trunk below exert leverage upon the 
dorsum rotundum as the fulcrum (Fig. 122). 
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himself and are therefore not purely passive but are the more effective 
for that reason. The useful procedures for the purpose are as follows: 

1. Direct Vertical Traction on the Rings, Accompanied by Swing- 
ing. This elevates the shoulders, flattens the abdomen, pulls upon the 
chest wall through the thoracicohumeral musculature, and tends to 
exert traction on the round back (Fig. 119). 

2. Standing Backward Shoulder Stretching. The patient, standing 
in a corner with hands applied to .walls, bends forward and pushes 
forward with lower extremities. -This pushes the shoulders backward 
upon the thorax and expands the chest anteriorly (Figs. 120 and 121). 

2 - Recumbent Stretching on Roll under Round Back. A thick felt 
pad or roll is placed beneath the dorsal spine with arms behind .the 
head. Arms and head above and trunk below exert leverage upon the 
dorsum rotundum as the fulcrum (Fig. 122). 
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4. Abdominal Retraction. With the same position as in “3,” the 
abdominal musculature is retracted sufficiently to flatten the lumbar 
curve. This exercises the abdominal muscles, expands the chest, and 
increases the leverage on the dorsal spine (Fig. 123). 

5. Dorsal Flexion against Round Back. In the prone position vdth 
the strap applied over the summit of the dorsal curve, head and 
shoulders are actively dorsiflexed, thus exerting passive corrective 
influence on round back and strengthening the extensor musculature 
(Fig. 124). 

6. Standing Tabic Exercise. The patient stands forward-flexed at 
hips, with trunk upon a table, arms extended above, grasping a staff. 
While maintaining contact between abdomen and table, arms are 
extended with staff over the head, staff is brought into contact ivith 
round dorsal spine, and backward leverage is exerted by further exten- 
sion of curved dorsal spine. Thus the lumbar curve is flattened, the 
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Fig. 124.— Dorsal Sexioo against round back. 
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dorsal curve is decreased, and the spinal musculature is strengthened 
(Figs. 125 and 126). 

M these exercises are to be carried out slowly and gracefully within 
the limits short of fatigue, and they are supplemented by swimming 
and general calisthenics. They are simple enough to enable the patient 
to learn the routine and to carry them out at home twice daily. More- 
over, the child must be impressed with the necessity of maintaining 
the attitude of ma.\imum correction at ail times, and when he is 
unable to do so, this effort must be supplemented by apparatus. 
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CHAPTER E 


TREATMENT OF MALIGNANCIES OF THE SKIN 
George M. MacKee, M.D., and Anthony C. Cipollaro, M.D. 

CANCER OF THE SKIN AND ORIFICIAL MUCOUS 

membranes 


Foreword 

Throughout this chapter the various physical agents used for the 
treatment of cancer of the skin and orificia! mucous membranes, and 
for the treatment of conditions that might lead to cancer, are men- 
tioned but are not described. A detailed description of these methods 
and agents is given in Chapter i8, Volume I, and Chapter 4, Vol- 
ume III. Technical details contained in those chapters are not repeated 
here. Also many terms are used in this chapter for which no definition 
is given. Explanations for these terms are contained in the chapters 
mentioned above. 

The family physician, for whom this chapter is written, is often the 
first to be consulted by a patient who has cancer or who has a 
condition that may lead to cancer. It is important, therefore, for the 
practitioner of general medidne to be well acquainted with the clinical 
aspects of these conditions. JIany general physicians are excellent 
surgeons, using either the scalpel or surgical diathermy, or both. Only 
experts in the use of roentgen rays and radium are qualified to use 
these agents in the treatment of cancer; but every physician should 
know what is being accomplished with these agents. 

For the reasons enumerated above, considerable attentioh is given 
^ clinical description, and to therapeutic methods that are employed 
hy physicians other than specialists. A few statistics are included. The 
discussion of roentgen-ray and radium therapy in relation to the cancer 
problem is general. This discussion gives information wth which the 
family physician should be familiar. It must not be construed as an 
attempt to teach the technic of such therapy nor to encourage the 
use of these agents by general physidans. The bibliography contains 

eierences for those who are particularly interested in roenlsen-rav 
and radium treatment. 
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iscertain the total nTn ’ ‘r present writing, it is impossible 
icial mucous mt^mh cases of cancer of the skin and 
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s the results are excellent. However, there is 
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no certain cure for unselected cases of advanced cancer, hence the 
large mortality. Cancer in a very early stage of evolution, before metas- 
tasis has occurred, is usually curable. Obviously, therefore, if every 
case of cancer could be diagnosed sufficiently early and adequate 
treatment immediately instituted, there would be a spectacular drop 
in cancer fatalities. Such a desirable attainment is very often im- 
possible in the case of cancer of the viscera and other deep structures. 
But it is possible in the majority of cases of cancer of the skin and 
orificial mucous membranes. It is even possible to accomplish more 
than this. Many cutaneous cancers develop as a result of a long- 
standing antecedent lesion. These potentially dangerous lesions are 
well known and will be described later. Most of them can be perma- 
nently eradicated. If all or the majority of such conditions were recog- 
nized and destroyed, there would be a substantia! reduction in cancer 
incidence. 

The dermatologist can usually make a clinical diagnosis of early 
cutaneous cancer and of conditions that may lead to cancer. When 
this is impossible, a microscopic examination may help to establish 
the diagnosis. The practitioner of general medicine cannot be expected 
to make all the necessary clinical differentiations between cancer or 
dangerous cutaneous lesions and the large number of benign conditions 
which they may simulate. Proper undergraduate and postgraduate in- 
struction in dermatology, with sufficient emphasis on the conditions 
under consideration, will increase the diagnostic ability of the physi- 
cian. Periodic health examinations will give the family physician oppor- 
tunity to examine the entire cutaneous surface and the membranes of 
the orifices. The family physician really should be able at least to 
detect dangerous lesions of the skin and membranes, and to suspect 
the potentialities. He may then request a consultation or microscopic 
examination, or eradicate the condition, according to his training, 
ability, facilities and willingness to assume responsibility. 

IVhen dealing with malignant grow'ths or conditions that may lead 
to such gro^vths, the situation is so serious — i.e., it is so essential that 
no diagnostic or therapeutic error be made — that it seems advisable 
for the family physician to request a division of responsibility. 

In recent years several organizations have conducted a determined 
and comprehensive campaign of cancer education in an attempt to 
reduce the incidence and mortality of the disease. This campaign has 
undoubtedly accomplished a great deal of good. It is probable that a 
continuation of the cancer propaganda directed at the lay public will 
prove helpful, especially if very carefully done. It seems advisable to 
public, with carefully selected words, that cancer is amen- 
able to treatment and that it is often preventable. Rather than attempt- 
ing to teach symptomatology, which so often proves injurious, it seems 
preferable constantly to urge periodic health examinations. These or- 
ganizations can help to educate the medical public by continuing to 
suggest adequate instruction for the undergraduate medical student 
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Farmers’ skin (sailors’ skin) 

Inflammatory dermatoses: 

Eczema 
Lichen planus 
Psoriasis 

Keratoses: 

Arsenical 

Seborrheic 

Senile 

Occupational: 

Tar, pitch, oil, carbon, etc. 

Kraurosis vulvae 
Leukoplakia 
Lupus erythematosus 
Lupus vulgaris 
Nevi 

Papilloma of tongue 
Radiodermatitis 
Sebaceous cyst 

Syphilis (syphilitic leukoplakia, smooth atrophy and interstitial 
glossitis) 

Ulcers (long standing) 

Von Recklinghausen’s disease (multiple neurofibromatosis) 

Xeroderma pigmentosum 

Paget’s disease and Bowen’s precancerous dermatosis have hereto- 
fore been included among the precancerous dermatoses. They are 
excluded here because Pautrier,- Massia and Rousset,® Fraser,* and 
many others who have made careful studies of these conditions, find 
cancer from the beginning. Massia and Rousset state 
that: “One is forced to the hypothesis that both affections are cancerous 
from the beginning, and that their origin cannot be other than in the 
epithelium of the skin or the demi-mucosae in such regions as the 
nipples, glands, vulva, anus, axilla, etc.” The subject is under con- 
roversy, but the majority of those who have investigated the two 
iseases agree wth the opinion expressed by Massia and Rousset. 
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CICATRIX 

Cancer not infrequently develops in scar tissue, especially in large 
scars resulting from extensive third degree burns, destructive diseases 
such as syphilis and tuberculosis, and severe injuries. Small scars, even 
when keloidal or hyperplastic, are not considered dangerous unless 
frequently traumatized. The new growth may be sarcoma, but it is 



Fic. I. — Squamous-ccII cpUhclioma developing in a scar. 


usually epithelioma of the squamous-cell variety. Epithelioma, 
developing in scar tissue, usually evolves slowly probably 
the dense sclerotic tissue. But when the growth invades normal 
it is apt to be rapidly invasive and metastasis soon occurs, ca 
occurring in scars from burns used to be called MarjoHn’s ulcer. 

Small, slightly elevated scars that are frequently 
be excised and primary union obtained. If there is a keloidal laiosy 
crasy, hyperpli'^' i can often be prevented by the postoperative appi 
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tion of roentgen rays or radium. At times the elevated scar can be 
reduced to the level of normal skin with these agents without resorting 
to surgery; or the elevated portion may be removed with surgical 
diathermy, especially with a loop electrode, radium and roentgen rays 
being used subsequently to prevent hyperplasia. We are discussing small 
elevated scars such as may occur on the bearded region of the male 
adult and which may be cut frequently with the razor. Such scars, 
when not subjected to frequent irritation or traumatism over a long 
period of time, are probably no more dangerous than is normal skin. 
Any or all of the therapeutic procedures mentioned above may fail. 
In such a case the lesion may be therapeutically neglected and inspected 
once or tivice yearly, or a plastic operation may be performed. 

Large scars should be inspected by the family physician at least 
once a year, or the patient should be instructed to consult his physician 
in case there is any change in the scar. Ulcers, either spontaneous or 
traumatic, which occur in scar tissue and which do not heal in a few 
weeks under the influence of conventional treatment, should, from a 
clinical standpoint, be regarded as the possible early stage of cancer. 
In such instances it is well to make a microscopic examination. Even 
vdvboul proof of cancer, when the ulcer refuses to respond favorably 
to the various kinds of medicinal and physical therapy remedies 
recommended for chronic ulcers, it seems preferable to perform a 
plastic operation and remove the danger. 

CORNU CUTANEUM (CORNU HUMANUM) 

The hjrpertrophy known as the cutaneous horn was so named because 
of a faint resemblance to the horns of cattle. Usually the condition 
IS classified with the keratoses and warts. The pathologic change, 
however, is not always that of a keratosis or of a wart. At times the 
arrangement of cells suggests a corn. Like the senile keratoses, the 
cutaneous horn is encountered most frequently in the later decades of 
life, but it is seen occasionally in children. 

Cutaneous horns occur most frequently on the face and scalp, less 
irequervtly on the penis, scrotum, buttocks and other parts. They are 
usually single. In shape they may be conical, cylindric, straight, 
twisted, angular, or otherwise. They may be of almost any color, most 
Commonly yelloivish-brown or brownish-black. They may be short or 
several inches in length. In size they vary from a tiny lesion suggestive 
of a filiform wart to one having a circumference of 14 inches, as 
reported by Rodriguez.’ The base of the lesion is usually verrucous; 
ue greater part of the lesion is composed of keratin. Occasionally, they 
j ^ spontaneously never to return; recurrence, however, is the rule. 

ebert* estimates that about 12 per cent of cutaneous horns chance 
10 cancer. ^ 

destroy cutaneous horns. Small lesions may be 
rpaied after being softened with a 10 per cent solution of caustic 




Fic. 2. — Cutaneous horn. 

potash. Trichloracetic acid may then be applied to 
certain and more popular method of destruction is wi 
cation. When carefully done, the result Permanent and therjs 
either no scar or one that is inconspicuoi^. ’ j-gys have 

may be excised. Solid carbon dioxide, radium and roen g y 
been employed with good results by some. 

erythroplasia 
{^pUhiliome papillaire nti) 

Erythroplasia is an uncommon affection. It of this 

Fournier and Darier » in 1893. Queyrat made “ been 

condition in 1910 and since then, in this country, the . • ct> re- 

known as erythroplasia of Queyrat. Sulzberger and Satensieu 
ported the first American case. . , . nkn occur 

The affection attacks especially the glans penis, bu y -ygral 
on the orificial mucous membranes. At first there may oe jjyper- 

small lesions which gradually extend peripherally. At . Later 
emia may be visible with little edema, thickening or e , '.y 
there develops definite infiltration. The surface is shiny 0 . 

there may or may not be a serous exudate. Stinging an 
be present. • -Jnce in 

Erythroplasia can be considered as a true precancer ’ r^jgjgjjtly 
every instance when the patient has been observed for , _t, nodes 

long time, prickle-cell epithelioma with involvement of tne y ^ jjjjjg 
has developed. The disease is likely to be mistaken for ecze » 
epithelioma, moniliasis, psoriasis and tuberculosis. nr^nthosis, 

The etiology is unknown and the histology shows at nrst jy^j-gr- 
hyperkeratosis, parakeratosis and inflammatory {-filtrating 

alotic changes of a Bowcnotd type occur and eventually 
prickle-ccll epithelioma develops. 
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Treatment consists in complete destruction of the lesions by scalpel 
or electrosurgery. Amputation of the penis is necessary in some cases. 
Topical remedies, x-rays and radium have failed. 

1NFL<\MMAT0RY DERMATOSES 

It has been reported that several of the inflammatory dermatoses, 
such as eczema, psoriasis and lichen planus, have become carcinoma- 
tous. The consensus of opinion among dermatologists, however, is that 
the neoplasm develops secondary to a keratosis caused by radio- 
dermatitis or arsenotherapy, or both. It is improbable that these der- 
matoses, per se, ever give rise to cancer except, perhaps, in the case of 
long-standing lichen planus of the mouth. Saad " reports a case of 
buccal lichen planus of three years’ duration in which carcinoma 
developed. 


FAR^rERS’ SKIN (SAILORS’ SKIN) 

This condition occurs on the exposed parts of middle-aged and 
elderly persons who have been exposed to the sun for many years 



3- Farmers' skin (sailors’ skin) showing atrophy, “permanent freckles,” senile 
keratoses and a squamous-cell etHthelioma. 


^ actinic toleration. The skin becomes wrinkled 
ana dry; permanent lentigo (freckles) and keratoses develop. The 
condition bears some resemblance to chronic radiodermatitis, senile 
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skin, and xeroderma pigmentosum. It is quite common for epithelioma 
to develop in farmers’ skin. The epithelioma may be of the basal-ceU 
or squamous-cell type. Squamous-cell growths, when occurnng m such 
skin, are often of comparatively low malignancy. The preseiit fad tor 
sun bathing and the use of sources of intense ultraviolet radiation in 
the home may possibly cause a numerical increase of cases of farmers 

skin in the future. , n . j „.,„i;„i,* 

Treatment consists of avoiding direct and strongly reflected sunhgM 
or adequate protection against such light. Protection may be obtain 
by the use of a walnut stain, or by rubbing a dark-colored cream into 
the skin followed by the application of a dark-colored powder. 

li Cosmetic brown pr-viutoxv 

Lanolin, anhydrous ... 

Zinc oxide 

Bismuth subcarbonate 
Magnesium carbonate 

Starch (rice) 5it 

M. and pass through fine 
Sig.: Apply to exposed parts after usi g 
the cream. 

An ointment consisting of equal parts vaselin 
10 per cent zinc oxide, applied to the slun just ^ ointment 

sun, provides sufficient protection in many cases. Afte 
has been rubbed into the skin, powdered talc and 

following cream may be applied so thinly as to be mcon p 
yet give adequate protection. 

it Salol f-''- 

Tannic acid 

Cold cream q-s.ad oi 

M. -Id 

Patients with well-developed farmers’ skin should have 


R Ichlhyol gr.v 

Carmine gr.ss 

Burnt sugar 3ss 

Zinc oxide ^ii 

Starch (rice) ^iii 

Vaselin (white) 

Lanolin ^iil 

M. Sig.: Apply to exposed parts for pro- 
tection against sunlight. 


. 3ii 
. Si 

. Sit 
. Sss 


areas inspected at least once a year. It is well to ' j may 

with electrodesiccation. An ointment, such as the one s J ’ 
be rubbed into the skin at night to combat the ext^ssive y » 
an almond emulsion may be applied several times daily. 

R 


Lanolin, anhydrous Sji 

Olive oil 

Vaselin Ju 

Cold cream .q3.ad ai 


KERATOSES ^ 

The lesions known as the keratoses are among the most .^yjH 

most frequent of the forerunners of cancer. The j, arsen- 

be discussed here are the senile keratosis, seborrheic kerai > 
ical keratosis and the industrial keratosis. 

Senile Keratosis. — The senile keratosis is seen 
the face and the backs of the hands in persons past middle u • 
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are perhaps more common in light than in dark skin. They are seldom 
encountered in negroes, American Indians and Arabs. The clinical 
appearance depends on the stage of development. The lesions range 
in size from the head of an ordinary pin to a silver quarter, and 
occasionally larger. They consist mainly of a thickened horny layer, or 
scale, which is firmly adherent. The scale may occasionally exfoliate, 
which gives the impression of improvement. It is unusual for an un- 
treated senile keratosis to disappear permanently. The lesions may be 
very slightly elevated or considerably so, depending on the amount of 
hyperkeratosis and inflammatory changes. \^en the lesion consists of 
more than a thickened horny layer, one should suspect the early stage 
of epithelioma; that is, if there is any evidence of acanthosis, or infil- 
tration — any thickening other than that produced by the scale. 

The senile keratosis is a dangerous lesion, especially when situated 
on the mucous surface of the Hp. Many of them change to epithelioma 
sooner or later. It is probable that the neoplasm is always of the 
squamous-cell type when situated on the mucous surface of the lip. 
When the keratosis is situated in the skin, the resulting epithelioma 
is usually of the squamous-cell type. Eller and Ryan state that it is 
always of the squamous-cell type. 

Senile keratoses of the lip so frequently give rise to cancer that we 
advise the destruction of all such keratoses as soon as detected. Whether 
or not a given senile keratosis of the skin should be destroyed is a 
matter of judgment. As a general rule it is preferable that they be 
eradicated, especially when the patient has a reasonably long expect- 
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In'such' ^ 

observation and treat onlv th to keep the patient under 

from keraLis to cancer a/™ 

ranrpr ■»;!,„« caocer. Many senile keratoses never cive ri^p fn 
is usually slovrs"o"harth?nh'’'’- ‘*,*“‘'‘1 i^cratosis, the evolution 
detect the traTsitTon n olwert^re''‘"r ’’f “PPOrtunity to 

One of the brat treatment! patient remains under observation. 
The area is first rle-fn^^ * for semie keratosis is electrodesiccation, 
nent ?tooughly ‘’T The lesion is 

mummified tissue is removed ^ electrodesiccating current. The 
the wound is t ™‘h curet or scissors, and the base of 

malignant nennissms ir ‘'■“dnent », of-course, that advised for 
lesions on the^faee ' persons, especially society women with 

S as “y permanent delect 

is advILfe r?' 'vhen treating a senile keratosis it 
ing a Derimnent''d^t*'^?^Vl.?P'™“"*'’‘ rather than on avoid- 
when nronerlv “"d roentgen rays are efficacious, 

made for solid osrt, selected cases. The same statement may be 
tics Persons mh'* n°" '*mxide, the electric cautery, and various caus- 
m?coufmemh^L '» develop senile keratosis on the 

exposure to strnn.? lip and on the skin should avoid excessive 

creams frequently! ‘‘ “TP't ointments and 

into'hvo'^m^^n a rule seborrheic keratoses are divided 

/o//c vari'efv nevoid. The hypcrkera- 

mon cTthI Si TWs type of keratosis is most com- 

as earlv as th#* P trunk. Seborrheic keratoses may develop 
mon in miMrU j fourth decades, but they are far more corn- 

common on u persons. They are, perhaps, more 

the senile ker^f ^ (seborrheic) skins. In size, they correspond with 
usLu^wai ' r* « ‘usually dark brown. The scale is 

The scale ^tnn ^ 'f rather easily removed, 

lesions arc well n- spontaneously but almost invariably recurs. The 
casionallv one slightly elevated as a rule. Oc- 

The seborrke.r ^ seborrheic keratosis that is verrucous, 

aver that they dangerous. Some dermatologists 

toloirists incliifiinrr cpithelioma. The majority of derma- 

perc?„mgi „1‘lt 8 losLr d"^ "■= oP'"''™ 

is usually of the basil-ceU ty°pf ™ 'Pithelioma which, however, 

senile ke*raU)’s'ii distinguish between a seborrheic and a 

gray, dry, adherent scale if ih .differentiated clinically by the 

dark-brown w-iw - ‘ ^ senile keratosis, as compared with the 
times it is “f seborrheic keratosis. At 

P^ '^1® the distinction. In such instances it is 
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preferable either to regard the lesion as of the senile type or to make 
a microscopic examination. 

From the standpoint of danger it is not necessary to remove sebor- 
rheic keratoses, provided the lesions are occasionally inspected. As 
a rule, however, it is preferable to destroy them in order to prevent 
possible development of basal-cell epithelioma, and even squamous- 
cell epithelioma, and, also, for cosmetic reasons. When situated on 
the exposed parts, especially in women, it is advisable to avoid leaving 
a scar if possible. 

In the early stage of evolution it is possible permanently to remove 
many lesions simply by the application of trichloracetic acid. When the 
scale is quite thick, it is preferable first to remove the horny layer 
with a caret and then apply the acid. Often this can be done without 
a local anesthetic. Radium is frequently efficacious but recurrences 
are common. When carefully applied, the lesion is apt to disappear 
without leaving a trace. Solid carbon dioxide is used for this purpose 
by some dermatologists, but it is not a popular remedy. The most 
popular agent and probably the one that is most certain permanently 
to cure the lesion is eleclrodesiccation. 

Nevoid Keratosis. — ^This variety of keratosis occurs on the face 
and trunk of people over 30 years of age, most commonly after the age 
of so. In size the lesions range from the head of an ordinary pin to a 
fifty-cent piece and even larger. They are sharply marginated, consid- 



Fic. 5- — Hyperkeratotfe and nevoid seborrheic keratoses. 
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i^ciinaioses 

z - co.o, 

horny layer— no scale. They shouW he thickening of (he 

they rather closely resemble As hi th d‘£ferentiated from nevi, which 
keratosis, there m^ay b a^t teion ? fer'”* »' 

It is probable that th. „ 'esion, a few or many. 

from the nevoid keratosis is ZnaU It ^Phhelioma arising 

of such epitheliomas are of the biil-celUype°^'‘“" 

lesiom Setettsmich t 

because they may give rise Z. ^ unsightly and, particularly, 

type, it is cu'^tomary to destroy rr„“r’r 

IS dehydrated with eiectrodesie **1^ ‘ *°“1 anesthesia the lesion 

lation. It is then remrved w? h ?h'“" " isolated with electrocoagu- 
is eiectrodesiccated Thev m *1!"^**’ *ke wound 

let alone and TnsnecS Lee^ be excised. Finaliy, they may be 
not very efficacious. yearly. Radium and roentgen rays are 



Arsenical Keratn<5».c a 

taken in larce do<;p« r,r ' matter how administered, if 

syncratic persons, mav r^nfl i? period of u'me, especially in idio- 
iiave been caused bv th Most of the arsenical keratoses 

tion; Donovan’s solufinn^*^^^ administration of arsenic (Fowler’s solu- 
and large doses for lont? n • afsenate, etc.) in small, moderate 
Arsenic, as a rule, shouM h suitable rest periods. 

’ e given in courses with intervals of one 
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or several months between courses. Also, the patient should be care- 
fully observed for low toleration. 

The keratoses show a predilection for palms and soles. Occasion- 
ally, the affection is more or less generalized. It is often accompanied 
by widespread, punctate pigmentation of the trunk. The characteristic 
picture is excessive dryness of palms and soles with almost innumerable 
punctate, deep-seated keratoses. Occasionally, very large thick lesions 
are encountered. Both basal-cell and squamous-cell epitheliomas are 
prone to develop on arsenical keratoses. 

The affection is treated with copious applications of grease. The 
patient is kept under observation, and individual keratoses that are 
active — that is, those that continue to evolve — are destroyed with 
electrodesiccation. The area should be procainized and the keratosis 
should be completely eradicated. In recent years it has been customary 
to administer intravenously a freshly prepared solution of sodium 
thiosulphate; but no one has yet conclusively proved that such treat- 
ment has any influence on arsenical keratoses or that the formation of 
additional lesions can in this way be prevented. 

Industrial Keratoses (Industrial Keratoderma; Occupational 
Keratoderma). — Keratoses often precede the development of indus- 
trial cancer of the skin. That cancer of the skin is a problem of some 
ma^itude in industrial medicine can be appreciated by a review of 
the industries in which this condition develops. Workers come in con- 
tact with tar in the following occupations: Anthracite laborers, aniline 
dye workers, benzine distillers, chimney sweeps, coal oil workers, creo- 
sote workers, gas-w'orks stokers, lamp-black workers, pitch handlers, 
sprinklers of soot (gardeners), paraffin workers, road tar sprayers, 
tar distillers and many others. 

Workers come in contact with arsenic in the followng occupations: 
sheep-dip workers, workers in Paris green, those who make or handle 
wall paper, smelters of ores, furriers, tanners, tree and shrubbery 
sprayers, taxidermists, etc. 

In addition to keratoses caused by tar products and arsenic, there 
are those occurring in persons working with roentgen rays and radium, 
in shale-oil workers and so on. 

Persons who work in these various industries and who show a 
tendency to develop keratoses in spite of proper hygiene should change 
their occupation. 

^ Cancer in these cases, which is usually of the squamous-cell type, 
IS usually preceded by a long-standing follicular dermatitis or follicular 
keratoderma. Occasionally, keratoses of the senile type occur. The 
dermatitis or keratoderma may disappear with change of occupation, 
cleanliness and soothing topical remedies. If not, the patient must 
remain under observation. Keratoses, ulcers that refuse to heal, and 
nodules should be excised or destroyed with electrodesiccation or 
electrocoagulation. 

isji 
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taken in large doses or nv . matter how administered, if 

syncratic persons mav f period of time, especially in idlo- 
have been caused' bv thp n ^ Most of the arsenical keratoses 
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Arsenic, as a rule, should without suitable rest periods. 

e given in courses with intervals of one 




Fic. 8.— KrauroMi \Tilvac with squamous-ceU epithelioma. 
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KfiAUROSIS VULVAE 

This malady involves the mucous membrane of the female external 
genitalia. It seldom occurs before the age of 40 or 50. The first symp- 
tom may be a recalcitrant pruritus which becomes very annoying. The 
membrane becomes atrophic, sclerotic, pale, and leukokeratotic. The 
leukokeratotic changes are probably identical with leukoplakia of the 
buccal mucosa. The incidence of squamous-cell epithelioma in this 
affection has been estimated to be about 10 per cent. 

As a rule, it is well to treat this disease conservatively and to inspect 
the involved parts at least every six months. Excellent local hygiene 
is indicated. Itching may be relieved with nonirritating topical anti- 



Fic. 7. — Kraurosis vulvae showing sclerosis and leukoplakia. 


pruritics such as lotions and ointments containing small quan 
of menthol, butesin, anesthesin, phenol, etc. Roentgen rays may bp u 
as an antipruritic if necessary, but such treatment should be umu 
to one or two short courses of fractional doses. Alcohol injections an 
resections of the sensory nerves of the perineum are other methods 0 
controlling vulvar pruritus. Radium may be of value for small area 
of leukoplakia. Ulcers and erosions that do not heal quickly 
be excised or destroyed with the actual cautery or with high-frequen^ 
electricity, prefer.-ibly the latter. Vegetations and nodules are treateo 
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uous as a rule. The affected area may develop fissures, erosions or 
ulcers, or it may become verrucous or vegetating. Such lesions are 
especially dangerous, but it should be borne in mind that epithelioma 
may develop suddenly and rapidly in an apparently inactive patch of 
leukoplakia. When epithelioma develops in leukoplakia it is always 
of the squamous-cell type. As a rule, the early evolution of the cancer 
is slow; occasionally, it is rapid. 

The affection must be differentiated from lichen planus, lupus 
erythematosus, aphthous ulcers, moniliasis, and Vincent’s angina. The 
mouth lesions of lichen planus are punctate, striated, annular, papular, 
and usually accompanied by skin lesions. Lupus erythematosus rarely 
involves only the mucosa. The lesions are more inflammatory — con- 
gestion, edema, and erosions. The other diseases may be differentiated 
by acute symptoms, concomitants, and bacteriologic e.Kaminations. 

Treatment. — It is customary to destroy small patches of leuko- 
plakia rvith electrodesiccation or with the electric cautery, JIany such 
lesions may be permanently cured with a single, intense application of 
the beta or gamma rays of radium. If, however, the lesion is stubborn, 
it is preferable to resort to the previously mentioned treatment rather 
than give repeated applications of radium. Large quiescent areas may 
be treated with radium, but it is preferable to treat them pallia- 
tively. Dental hygiene must be perfect. Tobacco is prohibited. Active 
areas should be excised or destroyed by the methods enumerated above. 
Treatment that is incapable of completely destroying the lesion should 
be avoided. If the patient has syphilis, modern antisyphilitic treatment 
is indicated. The mouths of patients with leukoplakia should be 
inspected every few months. 

MISCELLANEOUS MOUTH CONDITIONS 

Chronic gingivitis, pyorrhea alveolaris, apical abscess, sinuses, 
fistulas, erosions, ulcers, decayed teeth, etc., favor the development of 
cancer. 

The dental profession deserves a great deal of credit, not only for 
superb mechanical ability, but because of the recognition that perfect 
oral hygiene is an exceedingly important health factor. The modern 
dentist urges his patients to have the teeth cleaned by a prophylactic 
dental nurse at least twice yearly, at which time the dentist inspects 
the entire mouth. Undergraduate and postgraduate instruction in 
diseases of the oral mucosa is given in many dental schools and dental 
societies. This knowledge, together rvith periodic dental examinations, 
should materially lessen cancer incidence. The dentist has the oppor- 
tunity to detect many of the conditions that lead to cancer. Some of 
these must be treated by the dentist; others should be called to the 
attention of the family medical adviser. 
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tion and other dangers^ - 


LEUKOPLAKIA (lEUKOKERATOSIs) 

ocCTrIn bothsSn-”' ’eukoplakio of the mouth may 

well as non-smrS?ri nonsjphilitic persons, and in smokers as 

Presumablv it rir, h <i^f'nitely determined, 

fule Tnttv 'hilW ^ ^1' "I'P*'"** “‘1 by '““1 imitation- As a 

When n “y ™ leukoplakia, 

stitial clossitis '^1 .^yPb'btie persons, it is often associated with inter- 

danuerms th n “‘■'‘’Pby, a triad that is probably more 

aangerons than uncomplicated leukoplakia. 

the casM ocn^ ™an; only about five per cent of 

able that manv “boplakia is dangerous, it is prob- 

y cases, perhaps the majority, never develop cancer. 



smooth atr^V^^leukoDhuI^flnH^ Sl<^els, Fro, ii.— Syphilitic interstitial glossitis, 
h' y, leuKopiakia and erosions. smooth atrophy, leukoplakia and squa- 


inous-ccll epithelioma. 


occur in one or several very small patches on the 
Sv mnv the cheeks; or most of the buccal 

on the roQ^ nf Pilches on the gums, under the tongue, 

examination ^ ^’outh, behind the molars, etc., may escape careless 

shaM^s?icl^Iv^tM*i niarginated, irregular in size and 
^ The patient is often con- 

tion, although subjective symptoms are not conspic- 
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'levi 

ill Other scars and sclerosed tissue, cancer in lupus vulgaris, probably 
because of the dense fibrous tissue and sparse blood vessels and 
ymphatics, is likely to evolve slowly at first and to be of a com- 
laratively low degree of malignancy. 

The early stage of cancer in these cases is often mistaken for active 
upus. Indeed, the clinicai diagnosis may be difficult. Warty excres- 
cences, a vegetating tumor, a pearly nodule, or a stubborn ulcer having 
m indurated margin, when occurring in a patch of lupus vulgaris or in 
icar tissue left by the disease, should be regarded with suspicion. In 
ill such cases a biopsy should be performed. The treatment is that 
recommended for cancer — excision, plastic surgery, surgical diathermy 
ind, in selected cases, roentgen rays and radium. 

NEVI 

Of the many forrns of birth marks, the most dangerous is probably 
the almost flat, smooth, hairless, blue-black mole. JIany of the mel- 
anomas have their origin in lesions of this type. WTaile malignant 



Pic. 13— BluebUck mole. 


change may be spontaneous, it is much more likely to follow trauma- 
tism, frequent irritation or injudicious treatment. 

If such a lesion is quiescent and in a location where it will not be 
irritated, it may be let alone. But when there is the slightest evidence 
of activity, such as increase in size or thickness, ulceration, crusting, 
etc. (Hutchinson’s malignant lentigo), or if there is possibility of re- 
peated injury, the lesion should be radically destroyed. As a rule, it is 
preferable to remove malignant lentigo. This may be accomplished by 
a wide, deep excision or it may be radically destroyed wth surgical 
diathermy. Radium and roentgen rays have produced excellent results 
in some cases. 


There is a controversy relative to the advisability of removing an 
apparently quiescent blue-black mole. In the past, attempts at removal 
nave been so often followed by recurrence and metastasis that many 
pnysicians prefer to do nothing. While it is true that many of these 
esions never give rise to melanoma, very frequently indeed they do so. 
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other therapeutic agents forthis T' most part, all 

are very seldom usfd for ih' “ '*‘t;ease. Roentgen rays and radium 
sodium thiosulphate cures ^ P“‘T’ose. Intravenous injection of gold 
It will be interestiniT ° controls many if not most of the cases. 

with those comniled^Him-n cancer statistics of the past 

umpiied during the next twenty-five years. 


It has b LUPUS vulgaris 

about 2 per cenrnf^rn^ squamous-cell epithelioma develops in 
that some of these canrprc^ o* lupus vulgaris. It is undoubtedly true 
or radium. On the other excessive use of roentgen rays 

was reported before tii« lupus vulgaris lesions or scars 

advent of roentgen rays and radium. As in 


Nevi 
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The blue-black mole should never be treated iWth caustics nor should 
it be squeezed. It should be let alone or completely removed. 

The very common mole — pinhead- to split-pea-sized, elevated, 
smooth, more or less pigmented (various shades of brown) with or 
without hairs — is not considered dangerous unless subjected to re- 
peated irritation. Large brown nevi, flat or elevated, with or without 
hair, in the absence of traumatism, are not very dangerous lesions. 
Cerebriform and other soft nevi are dangerous, as a rule, only when 
irritated or injudiciously treated. The same statement may be repeated 
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of lesion by sSlpefsuVery'’proWd^“ o’f'r 'Ws type 

s;ae are suitable for su^Mr^Zen, 'a/ "•= '°““on aii 
skin at least one-quarter inch n Va ‘''™8b the 

esion. The incision then extends °l ‘be 


lesion: ThrincStSn exSfT*' '^““-defined m^JnT th 

When the tissue is” reZtTitZZTooTt!' 

upper portion. The exdsion is madrin ^ "'n ‘be 

‘he pigment-bearing cells mav because occasionally 

ward and outward. The tissue should 'h™* 

frozen section or with a nnwerf..i “ -f .summed immediately by 

sections should be carefuhy examinTd®"’^^"®^^®' 

way the diagnosis is esUblhhM- J) microscope. In this 

the lesion was completely renZ^ If nL“ "'bether or not 

excision is made. The excision m ' completely removed, a ivider 

with the cutting current. W^prS tW ‘“Jl" 

preler the former because surgical dia- 



Fic. 14. — Common moles. 


amination. ^ interfere with a satisfactory microscopic ex- 

split-pea-sizedh^Octo^nn^u ^ (pinhead-sized or 

excision. Occasionally too larger— too large for 

In such instances thp io=;« ’ situation precludes ordinary excision, 
tion, or it may be alone and kept under observa- 

ment of the physici?n anri plastic surgery, depending on the judg- 
The the attitude of the nafipnl nnH f.n,nv 


ouv,ii iljsiances the Ipcir»« 7 uiumui/ ca»,oiuii. 

tion, or it may be alone and kept under observa- 

ment of the physici?n anri plastic surgery, depending on the judg- 

.The blue-bh^k o? uuZnl,'i““'‘“.* P=“i'"‘ “d lamily. 

With dark-brown murh j slate-colored mole may be confused 

lated, at times, bV a timr “^^Serous nevi. It may be closely simu- 

ment or in which the refnrw happens to contain pig- 

black appearance* also *ndex is such as to produce a bluish- 

malignant lentigo ’Thp small hemorrhagic cysts may simulate 

Moles may be prelent & "ot always ealy. 

years, sometimes many years' afterbirth'''”^ appear months or 
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be treated, as a means of cancer supervention, depends upon type, 
location, condition and the judgment of the physician. In selecting 
treatment for a given lesion, it is well to choose a method that is uni- 
versally recognized as safe and proper. Many deaths have been caused 
by the incomplete destruction or the irritation of dangerous types of 
nevi with acids, solid carbon dioxide, eicctrodesiccation, electrolysis 
and other inadequate methods. 

PAPILLOMA OF THE TONGUE 

These lesions may be single or multiple. They are usually situated 
on the dorsal surface in the area of papillae. They are considered 
slightly dangerous because they are so likely to be repeatedly irritated 
or traumatized. It is advisable to destroy them wth electrodesiccation. 
They may, of course, be excised either with scalpel or with the cutting 
current. 


RADIODCRMATITIS 

This term includes all cutaneous injuries caused by roentgen rays 
or radium. A description of radioderniatitis is given in Chapter 4, 
Volume III, Severe acute radiodermatitis may result in an ulcer which 
never heals. Such an ulcer is dangerous because cancer is likely 
eventually to occur. Even when the ulcer heals, it leaves a scar that is 
far more dangerous than are ordinary scars. It is advisable to excise 
ulcers of this kind, by a plastic operation if necessary. By so doing, the 
patient is spared both time and severe pain; and, also, danger of 
•subsequent cancer is removed. 

A dangerous sequel of excessive roentgen-ray or radium treatment is 
the so-called roentgen-ray or radium skin. This consists of atrophy or 
sclerosis, telangiectasia and keratoses. These sequelae may result from 
an acute reaction with or without ulceration, or they may be the result 
of too many fractional treatments with or without a mild first degree 
reaction. 

_ Permanent roentgen-ray and radium Injuries should be occasionally 
inspected. In many instances the skin remains slightly atrophic and 
perhaps telangiectatic throughout the remainder of the patient’s life, 
without the development of lesions that are dangerous. On the other 
hand, keratoses may develop. These keratoses may or may not lead to 
They frequently do so. They should at least be kept under 
observation. As a rule it is advisable to destroy them. This can be 
none with electrodesiccation. In our opinion, radium and roentgen rays 
contraindicated for this purpose. 

Skin that has been badly injured with roentgen rays or radium is 
iKely to ulcerate when irritated or traumatized. It may ulcerate spon- 
aneously. The ulcer may or may not heal. If it does not heal, it is 
'ory likely to end in cancer. 
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for verrucous nevi. Cancer rarely, if ever, develops on vascular nevi 
and lymphangiomas. 

Nevi of various types are exceedingly common. Almost every person 
has at least one mole of the common variety. It is by no means neces* 
sary or advisable to destroy all moles, but their inspection should be 
a part of periodic health examinations. Whether or not a nevus should 



Fig. i 8 .— Pigmented, keratoUc ne\-us with malignant neoplasm. 
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be treated, as a means of cancer supervention, depends upon type, 
location, condition and the judgment of the physician. In selecting 
treatment for a given lesion, it is well to choose a method that is uni- 
versally recognized as safe and proper. Many deaths have been caused 
by the incomplete destruction or tlic irritation of dangerous types of 
nevi with acids, solid carbon dioxide, electrodesiccation, electrolysis 
and other inadequate methods. 

PAPILLOMA OF THE TONGUE 

These lesions may be single or multiple. They are usually situated 
on the dorsal surface in the area of papillae. They are considered 
slightly dangerous because they are so likely to be repeatedly irritated 
or traumatized. It is advisable to destroy them with electrodesiccation. 
They may, of course, be excised either with scalpel or with the cutting 
current. 


RADIODERMATITIS 

This term includes all cutaneous injuries caused by roentgen rays 
or radium. A description of radiodermalitis is given In Chapter 4, 
Volume III. Severe acute radiodermatitis may result in an ulcer which 
never heals. Such an ulcer is dangerous because cancer is likely 
eventually to occur. Even when the ulcer heals, it leaves a scar that is 
far more dangerous than are ordinary scars. It is advisable to excise 
ulcers of this kind, by a plastic operation if necessary. By so doing, the 
patient is spared both time and severe pain; and, also, danger of 
.subsequent cancer is removed. 

A dangerous sequel of excessive roentgen-ray or radium treatment is 
the so-called roentgen-ray or radium skin. This consists of atrophy or 
sclerosis, telangiectasia and keratoses. These sequelae may result from 
an acute reaction \vith or \yiihout ulceration, or they may be the result 
uf too many iractional treatments with or without a mild first degree 
reaction. 

_ Permanent roentgen-ray and radium injuries should be occasionally 
mspected. In many instances the skin remains slightly atrophic and 
perhaps telangiectatic throughout the remainder of the patient’s life, 
Without the development of lesions that are dangerous. On the other 
and, keratoses may develop. These keratoses may or may not lead to 
cancer. They frequently do so. They should at least be kept under 
observation. As a rule it is advisable to destroy them. This can be 
one with electiodesiccation. In our opinion, radium and roentgen rays 
for this purpose. 

lit ? injured with roentgen rays or radium is 

ely to ulcerate when irritated or traumatized. It may ulcerate spon- 
aneously The ulcer may or may not heal. If it does not heal, it is 
y likely to end in cancer. 
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frequent and mim shows a tendency to ulcerate or to form 

cision or bv i nl keratoses, ft is advisable to remove it by ex- 

should be destrmied'**^ operation. If this is impossible, the keratoses 
nould ne destroyed and the patient kept under observation. 


SEBACEOUS eVSTS (SIEATOUA; ATHEROMA; WEN) 
cancer develonedVn^iu * report 43 cases of sebaceous cyst in which 

Whe™ Su" Jusru' r”- 

basaldiell epitheliomas h “ squamous-cell epithelioma although 
more often when re eves-.'™ ^I^'isnant change occurs 

are exceedingly common and .1,™'’"®°®* ulceration. Sebaceous cysts 
on, and they are easily removed by excision. 



FiC. II. — Sebaceous cjst. Fic. 21. — Same as Fig. 21. After excbion. 


SYPHILIS 

Cancer is a frequent complication of interstitial glossitis, and smooth 
atrophy of the tongue of late syphilis. The same may be said of syph- 
ilitic leukoplakia. The management of leukoplakia has been already 
discussed. Little can be done for the other two conditions. The patient 
should be kept under observation and, of course, he should receive 
antisyphilitic therapy. Early cancer of the longue in these cases is 
frequently mistaken (or gumma or other manifestation of syphilis, a 
mistake that can be avoided by microscopic examination. Alany der- 
matologists believe that the administration of arsenic increases the 
danger of cancer in cases of syphilitic glossitis, smooth atrophy and 
leukoplakia. We doubt the contention. 

Cancer may occur in scars left after the healing of destructive lesions 
of syphilis. Also, cancer has been reported in cases of gumma; but 
most of these reports were of tongue cases and it is probable that 
they were cases of squamous-cell epithelioma occurring in interstitial 
glossitis rather than in a gumma. 


ULCERS AND FISTULAS 

A few cases of squamous-cell epithelioma developing in long-stand- 
mg varicose ulcers of the leg have been reported. The incidence of 
malignancy is very small when one considers the frequency with 
which the so-called varicose ulcer occurs. In the literature one finds 
requent reports of metastatic cancer occurring in ulcers of various 
yes: decubitus ulcer, pellagrous ulcers, ulcerations in acrodermatitis 
yronica atrophicans and scleroderma, third degree burns and, of 
ourse, ulcers caused by roentgen rays and radium. 
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Cancer following long-standing iisiulas and sinuses caused by disease 
or injuries has been frequently reported. We recently saw a case of 
osteomyelitis, the result of an accident, which had failed to respond to 
the usual treatment. A, sinus formed, followed by squamous-cell 
epithelioma of relatively low-grade malignancy, necessitating amputa- 
tion of the leg. 
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VON becklinghatjsen’s disease (multiple neurofibromatosis) 

Hosoi reports 65 cases of this affection in which sarcoma de- 
veloped. He states that sarcoma develops in 13 per cent of the cases of 
muhiple neurofibromatosis. This figure seems high to us. We have seen 
many cases of multiple neurofibromatosis but we have not seen a 
single case of associated sarcoma. 

It may be that of all cases of von Recklinghausen’s disease in which 
tumors are excised, 13 per cent become sarcomatous after surgical 
interference. Hosoi reports one case in which sarcoma developed one 
year after the excision of a tumor. U has been observed by others 
that removal of a tumor by surgical excision may result in sarcoma. 
These sarcomas are not very malignant and seldom undergo metas- 
tasis, yet the prognosis is poor. Recurrence after repeated operations 
is the rule. If death does not result from metastasis, it follows opera- 
tive and postoperative complications. 

The course of von Recklinghausen’s disease is not modified by treat- 
ment of any kind. It would seem that surgical intervention were contra- 
indicated. 

XERODERMA PIGMENTOSUM 

This rather rare affection is thought to be due to congenital lack of 
resistance to sunlight. It begins early in life, there is a predilection 
for the exposed parts and it is incurable. The affection simulates 
chronic radiodermatitis, sailors’ or farmers’ skin and senile skin. 
Pigmentation and atrophy arc first noted. This is followed by kera- 
toses and epithelioma, usually of the basal-cell type. 

Very little can be done for these unfortunate children. Only those 
with a mild example of the affection reach adult life. These patients 
should be thoroughly protected from even indirect sunlight. Prefer- 
ably they should be exposed only to artificial light which contains 
few 1/ any actinic rays. IVhen in the open they should wear gloves, 
sleeves, dark-colored veils, etc. Keratoses, epitheliomas and ulcera- 
tions should be destroyed as soon as detected. This can be done, as a 
rule, with electrodesiccation. 


MISCELLANEOUS CONDITIONS 

n elderly persons may show atrophy, permanent freckles 

th f keratoses. The condition is usually more pronounced on 

e lace and hands, although it may occur on the trunk and, in fact on 
most any part of the body. It may occur in those who have never 
een exposed very much to actinic rays. It resembles sailors’ skin and 
as senile skin. Occasionally it begins between the 
senP apparent reason. This has been called pre- 

The keratoses occurring in such skin have the same poten- 
ues as senile keratoses and are treated in the same manner. 
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Fic. 34 — Xcrodcmu pigmentosum. 





Fic. *7. — Neurofibroma. 


Fio. 28. — Same as Fig. 27. After excision. 


IS happens so seldom, that it is not necessary to treat a permanent 
reckle unless a keratosis develops. 

Sebaceous adenomas are pinhead-sized, umbilicated papules seen 
ost frequently on the forehead of middle-aged and old persons. The 
en'?^ V ^bat of normal skin. We think that we have seen 

ehoma develop in these lesions. The condition is to be differen- 
^ted from adenoma sebaceum. 
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Lesions falling in the category of multiple benign cystic epitheliom, 
— tricho-epithelioma; syringocystonia, etc.— occasionally change to 
malignant neoplasm, usually basal-cell epithelioma. The same is tru 
for certain endotheliomas. In fact, there are a large number of benigi 
lesions such as fibroma, neurofibroma, fibroxanthoma, etc., that may 
under certain conditions, give rise to cancer. Hoivever, none of thesi 
lesions is considered dangerous unless repeatedly irritated over : 
long period of time. Paraffinoma has been known to change to cancer 
Cancer has been reported in cases of Darier’s disease (keratosis follic 
ularis). Acanthosis nigricans in adults usually indicates cancer of th* 
viscera. 
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CuTAKEOUS Malignant Neoplasms 

General Therapeutic Considerations.— In the past, dermatologists 
and others treated cutaneous cancer with the method with which they 
were most familiar, regardless of type, size, depth and location of the 
lesion. Thus the surgeon always employed the scalpel, the roentgenol- 
ogist depended solely on roentgen rays, the radium specialist used 
only radium, the diathermy enthusiast insisted on the use of surgical 
diathermy and so on. The same statement is true today but to a lesser 
degree. Statistics show that excellent results may be obtained in 
properly selected cases with any of these methods when eyerUy 
applied. The results are not so good in unselected material. Inere is 
no best method for the treatment of unselected rases of cutaneous 
malignant neoplasms. Any one method or a combination of methods 
may be the best procedure for an individual case. The physician w o 
has had extensive experience \vith all the recognized methods of trea 
ing malignant neoplasms of the skin and orificial mucous membranes, 
and who is thoroughly acquainted with the clinical and histologic c ar 
acteristics of such neoplasms and the conditions that may cause ^ em, 
is in a position to employ discriminating judgment and to obtain ^ 
best results. Undoubtedly statistics will improve when every 
who attempts the management of cutaneous cancer possesses this com- 
prehensive ability. Here, too, there is need for more and better posi- 
graduate instruction. 

The recognized methods of treating cutaneous malign^t neoplasms 
are scalpel surgery, surgical diathermy, roentgen rays and radium. 

Roentgen Rays.— Roentgen rays are satisfactory for 
cell epitheliomas. Small superficial growths may be v 

filtered radiation. Moderate or heavy filtration is preferable or 
or deep-seated lesions. It seems that approximately the same res 
are obtained by large doses administered at intervals of two or m 
months or by smaller doses so spaced that an intense ° v - 

in a week or two (fractionation). It should be emphasized ma 
a lesion fails to respond favorably to treatment that shomd 
quate, the treatment should be discontinued. When , ,_gg 

mous cells, when involving cartilage and other subcutaneous stru ' 
and when composed of hard nodule, basal-cell epitheliomas 
to resist roentgen rays. Many basal-cell epitheliomas will disapp . 
hardly a trace as a result of roentgen-ray therapy; but ^ 
result is occasionally disappointing because of atrophy arid tela g 
tasia subsequent to radiation, and scarring caused by the ^ 

Roentgen rays produced by very high voltage, and heavily n » 
are very u.scfu'l for selected cases of squamous-cell epithelioma > 
also, for inopf able cases. 
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Radium. — In general, what has been said relative to roentgen rays 
may be repeated for radium. Radium is the more preferable of the two 
agents for unselected cases of cutaneous squamous-cell epithelioma. 
It can be used in locations that are inaccessible to roentgen rays. 
There is better opportunity for cross-fire, radon implants may be used, 
there is greater penetration, and so on. For selected cases, assuming 
proper facilities and expertness, the results are probably approximately 
the same with either agent. It may be interjected that the facilities 
and skill required for the modern roentgen-ray and radium treatment 
of squamous-cell epithelioma, even of the skin and orificial mucous 
membranes, are so exacting that they are found in comparatively few 
medical institutions and private offices. In the near future it may be 
possible to employ, in practical work, roentgen rays produced by a 
million or more volts and filtered with heavy metal of considerable 
thickness. Such radiation will compare favorably in penetrability with 
heavily filtered gamma rays. 

Surgical Diathermy. — The production within the tissue, by means 
of a high-frequency current, of an amount of heat sufficient for de- 
structive purposes, is known as surgical diathermy. Three fozms of 
surgical diathermy are universally employed. They have been desig- 
nated electrocoagulation, cutting current and electrodesiccation. The 
first two depend on current obtained from various parts of the primary 
winding of the high-frequency transformer. Either of these currents 
may be bipolar or monopolar, damped or undamped. The current for 
electrodesiccation is monopolar and it is obtained from the secondary 
ending of the high-frequency transformer. 

With electrodesiccation It is possible, by surface sparking, to de- 
hydrate or mummify a pinhead-sized superficial area, or a fairly ex- 
teasive superficial lesion. By multiple insertions of the active needle 
electrode, one may destroy rather large, thick lesions. The method is 
employed mostly for the destruction of small, superficial benign 
growths, potentially dangerous lesions such as leukoplakia, keratoses, 
etc., and small superficial epitheliomas of the basal-cell type. It is 
being abused by many physicians who employ it mistakingly for elec- 
^^®^oagulation and who use it without any form of anesthesia. 

The current for electrodesiccation has an exceedingly high voltage 
and a comparatively low milliamperage. That for electrocoagulation 
has a lower voltage but a higher milliamperage. The cutting current 
lower voltage and higher milliamperage. 

The electrocoagulating current, when used as a surface spark, de- 
ydrales to some extent, but the principal effect is that of rather 
'videspread coagulation of tissue, especially when the active needle 
c ectrode is inserted into the tissue as is usually done. The gross change 
ay be no more than a blanching or whitening of the tissue which 
ater slouglp. Electrocoagulation seals the blood vessels and lymphatic 
wi ■ mostly for the destruction of malignant neoplasms. 



36 


Cutaneous Malignant Neoplasm; 


SCSI* <■■/-• ‘- 

Coagulation can be perfocme?with th/hfnnf ^ dectrocoagulated. 

single or bipolar active So a 

from the same sourcl " "'** “““Po'ar current 

to sea! the smaU btooef v^U^and”l and Muses enough coagulation 
at least, there is Ie“ of 1 Theoretically 

surgical diathermy than iviih ih during the application of 

cutting current "’■6' '>“= 

primary union, esnedallv if (ho n ^loodtes. It is possible to obtain 
the scalpel or scissors ^ edges of the wound are freshened with 


— •ny.iasvna. 

Burg"| woulf b^'XuU 


• ^ Zf. “‘►►'OAuwLViiiv tYitcit auljpei 

currents fordestru'ctiw''ninL,'"’^°^^’^ high-frequency 

physical therapy rather tLn'tn^er'’”' 'r ^ “* fr'*® 

careless technic Irnm JiT ■ snrgety, which may lead to 

■surgery, and to it should slandpoint. Surgical diathermy is 

■ Good ,3. “ u “ “PT*’"* Ptincipies of general surgw 

Good resate-jnay.be obtained by the use of the actual eaXy 


t-iic avLuai wuiery 

ally •iSd^bv^Vr^atSoIkf'^^/^ another therapeutic method occasion- 
which may be S?amon„lh'' of cutaneous cancer 

the,,SherweiI iheSod ft methods. We refer to 

neoplastic tissue as is removal of as much of the 

frequency current after witih scissors, and bigh- 

at least five minute^ Th “‘6 nitrate of mercuiy is applied for 
bicarbonate of sn<S' '™“"d |s then covered with a thick layer of 

add nitrate of mert-,, '^h^ch is placed a dry dressing. Instead of 
pure red crystals of rh’ ^“6 Taussig-" employ chemically 

Saturated r^S’ur/oSr'^f^l Sidt"®"^ “ ^ 


of physical tiieraov physicians advocate the use 

have been given treatment of cutaneous cancer that 

unsuitable for the n.t a dermatologists who find that tliey are 

dioitide, electrolysis Sid%teavWerrid£t?^^^ are solid carbon 


examination b^nr^ advisable to make a microscopic 

which a definite dfaroff"""® This is the only way in 

which the grade of mTlti* made. Also it is the only ^vay in 

the lesion is small anri accurately determined. When 

sist of complete exci^ifnn the biopsy might well con- 

tions provide^; invalunhip ,'JF* ^scalpel. Examination of serial sec- 
lasis, and co/ri iete nr relative to invasiveness, metas- 

omplete removal, in addition to determining 


Basal-Cell Epithelioma ^volume ii] 37 

the grade of malignancy based on cytology, tissue reaction and other 
features. 

Iilany physicians aver that a biopsy made 'vith scalpel or biopsy 
punch is dangerous; that such procedure favors dissemination of the 
malignant cells. They prefer to remove the piece of tissue with the 
cutting current. It is now the consensus of opinion of those who have 
had extensive experience that a biopsy made with scalpel or biopsy 
punch is not dangerous when properly performed. The instruments 
must be sharp and the lesion must not be squeezed, massaged or 
unduly manipulated. The cutting current, unless the excision is very 
nide, is Hkcly to interfere seriously with the microscopic study be- 
cause of coagulation of cells. 

Classification of Cutaneous Malignant Neoplasms 

There is, as yet, no universally accepted classification for malignant 
neoplasms of the skin and orificial mucous membranes. In this chapter 
the following conditions will be discussed: 

1. Basal-cell epithelioma 

2. Basal-squamous-cell epithelioma 

3. Squamous-cell epithelioma 

4. Transitional-cell epidermoid carcinoma 

5. Paget’s disease 

6. Bowen’s disease 
7 - Melanomas 

8. Sarcomas 

basal-cell epithelioma 

The term basal-cell epithelioma includes names such as Jacob’s 
ulcer, cancroid, rodent ulcer and benign skin carcinoma, all of which 
are now obsolete. 

Krompechec,’*' in 1902, was the first investigator to separate basal- 
cell epithelioma from other epithelial cancers. His work has done a 
great deal to clarify our knowledge of the malignant cutaneous new 
growths. 

The basal-cell epithelioma is relatively benign and causes death only 
hy hemorrhage, involvement of important parts such as the articula- 
tions and orbit, or when complicated by septic infection. The affection 
rarely involves the mucous membranes primarily, although secon- 
dary involvement of these structures is common. In other words, basal- 
cell epithelioma practically always begins in the skin. Metastasis is 
rare m basal-cell epithelioma of pure type. The prognosis both for 
ue and for permanent cure is excellent but must be guarded when 
"8 '''ith deep lesions. It is not necessary to treat every basal- 
eu epithelioma. They should be treated when occurring in patients 
vei^ S*”®**» superficial lesions in old and 

persons, especially when mulUple, may be let alone and kept 
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under observation. Evolution is likely to be so slow that the lesion will 
not become serious during the paUent's remaining years. Ulcerated 
lesions, deep lesions, and lesions that have involved or threaten to 
involve important structures should, of course, be destroyed, regard- 
less of age. Lesions that ate in skin that is thin — nose, forehead, eye- 
lids, ears, etc.—should be watched carefully or destroyed, otherwise 
underlying important structures may become involved. 

The neoplasm originates from the basal-cell layer of the epidermis 
— most likely from cells that were predestined to form cutaneous 
appendages. It also arises from the basal-cell layer of the epithelium 
of the cutaneous appendages — sebaceous glands and ducts, and sweat 
glands and ducts, especially from the sebaceous glands. 



Fig 34 — Flat type of basal-cell epithelioma 

Under the microscope the lesion consists of basal cells that fail to 
develop into squamous or prickle cells; therefore, there is no kera- 
tinization, no whorls. As a rule, there is considerable tissue reaction 
around the neoplasm. 

Clinically, the affection varies considerably in appearance due both 
to clinical type and stage of evolution. Usually the evolution is ex- 
ceedingly slow-very slow extension over a period of many months; 
Usually many years The affection is most common during or after 
middle life It i« quite common in the third and fourth decades and 
(Kcurs occavionally during late adolescence. The sites of predilection 
are the fact .• d trunk, although it may occur on almost any part of 
the body Males art* affected more frequently than axe females. 
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Hazen * classifies basal-cell epithelioma into seven clinical types: 

1. Flat type . 

2. Nodular 

3. Ulcer with rolled edge 

4. Lesion resembling a depressed scar 

5. Morphea-like epithelioma 

6. Fungaling tumors 

7. Deep type 



35.— Multiple basal-cell epitheHoma of the fiat type — multiple epitheliomatosis cutb. 


Flat Type. — ^The fiat type con^ts usually of a brown-colored 
acule with a delicate rolled edge. The edge is slightly elevated, 
arrow and somewhat translucent. In color and appearance the edge 


Cutaneous Malignant Neoplasms 
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np i fiinir. ., ^P^ *~^‘^dular lesions vary in size from pinhead to split- 
sinrHi. .nt lU „ * \ '‘nd much larger. The lesion may consist of a 

of vnviJ! j T ‘■'ugle larger nodule or a closely crowded group 

\^{e<i tnd it M* n'. are hard, shiny, semitranslucent, ele- 

o*f-n.- tri r,r ' * P^nrl-wUite or waxy in color. They are called mother- 
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\iilf»-irm . ,/) i./kLI */. confused with, nodular syphilis. lupus 
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Fio. 38.— Basal-cell epithelioma. Lesion Fic. 39.—- Basal-cell epithelioroa com- 
is composed of numerous closely crowded posed of coalesced nodules — beginning ul- 
nodules. ceration. 



Fic, 40 Basal-cell epithelioma composed of a rim of coalesced nodules and a cicatrized 
center. There is some ulceration. 

^le. Lesions having an unusual macroscopic appearance give a typical 
wucroscopic picture. 

a Scar Type. — This is an uncommon type. It consists of 

^ Slightly depressed scar or a slightly depressed area of atrophy or 
sw represent whal -was formerly know-n as the serpiginous 
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cicatrizing type. There may or may not be ulceration, nodules and a 
delicate rolled edge. Often the clinical diagnosis is difficult. Even the 
microscopic diagnosis may be difficult unless the area for biopsy is 
selected with care. 

Morphea-Like Type. — In this variety the lesions are flat, some- 
what round in contour and sharply marginated. The area may be 
atrophic and slightly depressed, or slightly thickened and elevated. 
The color, is yellowish or pinkish-yellow and there is usually some 
telangiectasia. Sooner or later ulceration occurs. It is an uncommon 
type of basal-cell epithelioma. 

Fungating Type. — In this variety the lesion, which may be of 
almost any size, usually is an ulcer covered with a vegetating or 
fungoid mass, and associated with a foul-smelling exudate. Waxy 



Fic. 4t. — Deep type of bAsal-cell epithelioma. 

nodules may appear at the periphery or in various parts of the lesion. 
Occasionally, this type may be papillomatous, giving rise to a cauli- 
flower-like tumor; or it may be verrucous. It may be mistaken for 
squamous-cell epithelioma, tuberculosis, syphilis, blastomycosis, bromo- 
derma, iododerma and other affections. 

Deep Type. — ^This form may originate from any of the other types 
or it may develop independently. In the latter case, when first detected, 
it consists of a small nodule deep in the skin or in the subcutaneous 
tissue. The surface is usually red, perhaps atrophic and telangiectatic. 
The nodule incr-ases in size, spreading laterally and downward, in- 
volving the deei>er tissues. Eventually there is ulceration surrounded 
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by induration and extensive destruction of tissue. ^Vhen developing 
from other types, a deep indurated ulcer is produced which gradually 
destroys important tissue. It is the deep ulcerating type that used to 
be called rodent ulcer. It directly and indirectly destroys subcutaneous 
tissue, cartilage, periosteum, the eye, and other important structures. 
When developing independently as a deep nodule it is often impossible 
to establish a diagnosis without the aid of the microscope. 

Treatment. — Selection of method for the treatment of basal-cell 
epithelioma is based on a number of factors such as: circumference, 
thickness and depth of lesion, type (superficial, deep, nodular, ulcerat- 
ing, morphea-like, etc.), previous treatment, primary or recurrent 
growth, location and tissue involved, and age and sex of the patient; 
and, also, the desires of the patient. 

Scalpel Surgery. — A lesion that does not involve cartilage or peri- 
osteum, that is suitably situated and* that is not too large, may be 



Fig. 44. — Dasal-cell epUhelioma of chin. Fic. 45. — Same as Fig. 44- After scalpe 

excision. 


excised with the scalpel and primary union obtained. If the skin hea 
normally and the surgical technic is proper, the ultimate scar is^ cs 
conspicuous than that following electrocoagulation or 
tion, unless the lesion is exceedingly superficial, in which case met 0 
other than surreal excision are indicat^. Excision with the scalpel np, 
of course, limitations, but it has the advantage of permitting seria 
sections of the entire lesion. In this way one confirms or refutes tne 
diagnosis ?’.<! ascertains whether or not the entire neoplasm has bpn 
removed. T '' there is doubt about complete removal, a larger . 

may be 1 ..ide or roentgen rays or radium may be applied. ScaJpe 
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surgery is especially efficacious for the deep type consisting of a small 
nodule in the skin or subcutaneous tissue. 

There are many cases in which an extensive neoplasm has involved 
important organs such as the nose, ear, eye, etc. The majority of such 
lesions have been previously treated with roentgen rays or radium or 
surgical diathermy or wth all three methods. In such instances the 
best results are usually obtained by removing or destroying all neo- 
plastic tissue by means of conventional surgery or wth surgical dia- 
thermy, after which the deformity is corrected, as much as possible, 
tvith plastic surgery. 


Caustics. — S uperficial lesions, such as the flat type, may be cured 
by first thoroughly curetting, under local anesthesia, then applying 



Fie. 46. — Deep type of basal-cell epitbe- Fro. 47. — Same as Fig. 46. After surgical 
lioma of nose. diathermy. 


^Woride, acid nitrate of mercury or, when very superficial, even 
richloracetic acid. The Sherwell method is used, as a rule, for deep 
esKms that have involved important structures and in which other 
inethods have failed. The results are excellent when the cases are 
properly selected. 


tol Diathermy. — T his is a popular method among derma- 

superficial lesions are dehydrated by electrodesiccation, 
• ^th the curet and the wound is again electrodesiccated. It is 

poriant to extend the destruction of tissue for at least a quarter of 
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by induration and extensive destruction of tissue. When developing 
from other types, a deep indurated ulcer is produced which gradually 
destroys important tissue. It is the deep ulcerating type that used to 
be called rodent ulcer. It directly and indirectly destroys subcutaneous 
tissue, cartilage, periosteum, the eye, and other important structures. 
When developing independently as a deep nodule it is often impossible 
to establish a diagnosis without the aid of the microscope. 

Treatment. — Selection of method for the treatment of basal-cell 
epithelioma is based on a number of factors such as: circumference, 
thickness and depth of lesion, type (superficial, deep, nodular, ulcerat- 
ing, morphea-like, etc.), previous treatment, primary or recurrent 
growth, location and tissue involved, and age and sex of the patient; 
and, also, the desires of the patient. 

Scalpel Surgery. — A lesion that does not involve cartilage or peri- 
osteum, that is suitably situated and' that is not too large, may be 



Fig, 44. — Ba&al-cell epithelioma of chin. Fic, 45- — Same as Fir. 44- After scalpe 

excision. 


excised with the scalpel and primary union obtained. If the skin he 
normally and the surgical technic is proper, the ultimate scar JS_ c 
conspicuous than that following electrocoagulation or eleclrodesicf^- 
tion, unless the lesion is exceedingly superficial, in which case met 0 
other than surgical excision are indicated. Excision with the scalpel n^. 
of course, limitations, hut it has the advantage of permitting seri 
sections of the entire lesion. In this way one confirms or refutes tn 
diagnosis and ascertains whether or not the entire neoplasm has pee 
removed. If there is doubt about complete removal, a larger 
may be made or roentgen rays or radium may be applied. ScaJpe 
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Roentgen rays and radium are very likely to fail when cartilage 
and periosteum ate involved. 

The majority of operators favor the administration of large doses 
at intervals of one or two months — from one to six or eight times the 
erythema dose, depending on size of lesion, age of patient, location 
of lesion, thickness of filter, etc. Unfiltered radiation is used for super- 
ficial lesions, while moderately heavy and heavy filtration are em- 
ployed for thick, deep-sealed lesions. 

Some operators favor dividing the total dose for one month, admin- 
istering a fraction of the total dose every few days. This has been re- 
ferred to as the modified Coutard *** technic. It is claimed that by so 



48^Plcerated nodular basaU Fic. 47. — Same as Fij. 48. After two intensive 
cpittielioma of left inner canlhus, doses of roentgen ra>'S. 


doing a larger total dose can be given without undue reaction, which 
IS probably true, and that there is a better chance of catching cells in 
act of dividing, at which time they are more “radiosensitive.” 
However, there is no convincing evidence that this method gives results 
that are superior to large doses given once every month or two. When 
using a copper filter with very high voltage roentgen rays, it may be 
necessary, for technical reasons, to give a fraction of the total dose 
or two until the treatment is completed. 

IVhen a basal-cell epithelioma fails to disappear as a result of two 
large doses of roentgen rays, or when it recurs more than once 
ollowing roentgen-ray treatment, it is advisable to resort to some other 
erapeutic method. Normal skin, except that in the immediate vicinity 
0 the lesion, should be adequately protected. Roentgen rays should 
applied to the eyelids without proper protection for the eye- 
i'lT, desensitized with a few drops of one or two per 

j ”°\ricaine solution. Then a bra^-aluminum or lead glass eye shield 
^enlized, dipped in sterile olive oil and slipped under the eyelids. 
Uverdosage should be avoided. A third-degree roentgen-ray reaction 

3971 
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Roentgen Rays Tf • 
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BASAL-SQUAMOUS-CELL EPITHELIOMA 

It has long been known that 12 or 15 per cent of basal-cell epi- 
theliomas contain squamous or prickle cells. Curiously, it is just about 
this percentage of cases that have proved unusually stubborn. Hamil- 
ton Jlontgomery found this type of epithelioma in 12.6 per cent 
of a series of 119 cases of skin carcinoma, most of which, clinically, 
were of the basal-cell type. It is difficult, if not impossible, clinically 
to differentiate between a pure basal-cell epithelioma and one of the 
basal-squamous-cell type, especially in the early stages of evolution. 
Histologically, one portion of a section may show only basal cells 
while another portion may show the characteristics of a squamous-cell 
growth. Quoting Montgomery: “They represent a metamorphosis of 
basal-cell epithelioma to squamous-cell epithelioma and are not de- 
generate forms of the latter.” It is necessary to study carefully the 
entire section, sometimes several or many sections, otherwise the true 
nature of the lesion may be overlooked. This type of epithelioma be- 
gins, looks and it may behave like a pure basal-cell epithelioma, but 
often it behaves like a squamous-cell growth. That is, it may prove 
recalcitrant and it may cause death. In the past there have been a few 
reports of metastasis occurring in cases of basal-cell epithelioma. It is 
not improbable that these lesions were of the basal-squamous-cell type. 

The treatment should be the same as that recommended for 
squamous-cell epithelioma. While, as a rule, the degree of malignancy 
IS not high, yet the prognosis should be guarded. 



SQUAMOUS-CELL EPITHELIOMA 

jj. sqiiamous-cdl epithelioma (prickle-cell epithelioma) sig- 

im ^ growth originating from ceils of the epidermis above 
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the basal-cell layer, or from similar cells in the epithelial layer of the 
cutaneous appendages. Under the microscope, in addition to finger-like 
down-growths of the epidermis, it is seen that some of the cells become 
more or less keratinized, thus forming the characteristic whorls or 
pearl-like bodies. Tissue reaction is not so marked as in basal-cell 
epithelioma. 

Occurrence. — Squamous-cell epithelioma occurs about half as fre- 
quently as does basal-cell epithelioma. They develop most frequently 
in the mucous membranes o! the Hp and mouth. They are seen less 
frequently on the penis, vulva, eyelids and nose. When occurring in 


ic. 54, — Squamous-cell epithelioma of rim of right ear. Note senile keratoses on face. 

the skin, the most common locations are the scalp, dorsal surfaces of 
the hands, and the ear. Probably in the majority of cases the malig- 
nant growth is preceded by one of the so-called precancerous condi- 
lons, especially senile keratosis and leukoplakia. The majority of 
patients are over 35 years of age. Carcinoma of the tongue is relatively 
Uncommon in women. Statistics show that the affection is about three 
luies more common in males than in females. 

Clinical Characteristics. — The lesion may begin as an ulcer or as 
nodule. Ulcers are usually indurated. Nodules continue to grow in 
^ 397 ^ a tumor which may be hard or soft, and which as a rule 





Fic. 52. — Basal-squamous-cell epithelioma. Originally diagnosed as tuberculosis and 
ring finger amputated. Epithelioma is present in the scar. There is an epithelioma on the 
flexor surface of forearm. Epithelioma developed in the axillary glands, and the arm was 
amputated. Case reported by Henry D. Niles (Metastasis of a basal cell epithelioma, 
Am. J. Cancer, Vol. 15, July, 1951). 





Squamous-Cell Epithelioma ^vo?ume ii] 53 

and perhaps even a day may mean the difference between life and 
death. 

As a rule, metastasis occurs in the regional lymphatics, but not in- 
frequently the first evidence of metastasis consists of a tumor of the 
bones or some organ. 

Occasionally, carcinoma attacks the skin secondarily from a focus 
in some other organ. An example of such secondary invasion is cancer 
cn cuirasse. 

Prognosis. — Squamous-cell epithelioma is a very serious affection 
and even in favorable cases the prognosis must be guarded. It is of the 
utmost importance to detect the lesion, establish a microscopic 
diagnosis and completely remove or destroy the lesion while it is still 
local. Of course, there is no way of knowing how early metastasis 



Fio. 56. — Squamous-cell cpUhclIoma of left ring finger. 


may occur, but when the lesion, as revealed by the microscope, shows 
an intact basal-cell lining, no finger-like processes and no invasiveness, 
it IS probable that metastasis has not yet occurred. 

Based on cytology, squamous-cell epitheliomas are of four recog- 
nized grades of malignancy. Clinical dermatologists recognize several 
grades of malignancy based on clinical features. As we have seen, 
when the lesion develops in sclerotic tissue, as in lupus, interstitial 
possitis, scars, “x-ray skin” and in some keratoses and some cases of 
leukoplakia and kraurosis, evolution is likely to be slow and metastasis 
delayed. Epithelioma developing in an apparently normal tongue is apt 
to be rapidly invasive. On the whole, the evolution of squamous-cell 
epithelioma of the apparently nornral skin is not particularly rapid, 
ut occasionally a lesion will appear suddenly in apparently normal 
or membrane, invaaon of neighboring tissue being rapid and 
metastasis occurring very early. 
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or sinular tissue, and when J ^ " ““"tring in scar tissue 

nancy, the growth may be slow anTme?“r‘^ a"' “niig. 

however, evolution is ranid and nf., metastasis deiayed. As a rule 
The iesion is alwayT^harnlt “^y- 

disease invades pracUcally 5u£ues‘* r”'^ indurated. The 

periosteum, bone, viscera, l^pha* systo“et 



basal-cell epithelioma and syphilis, tuberculosis, 

gist can usually make a fniVn,**™” oonditions. A dermatolo- 

proper way to avoid diannn=»^ accurate clinical differentiation, but the 
It often^ happens in cS'?[r “ "’“oscopic examination, 
that the physician will wn«fo tongue cancer in a syphilitic patient, 
peutic test; that is he wPl' Y^'.^hlo time with the so-called thera- 
ment over a period of sever-.! „ intensive antisyphilitic treat- 

to.niake a microscopic ^nch cases it is advisable ' 

nuncl that squamous-cell enifh It is important to keep in 

cell epithelioma is so serious that a month, a week 
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these cells would have to differentiate slightly before they reached a 
state that compared favorably with the normal basal cells. 

Slelanocarcinoma arises from cells which have undergone marked 
dedifferentiation. These cells would have to differentiate to a great 
extent before they reached a biologic state of development comparable 
to that of normal cells. 

Since cellular differentiation plays such an important part in the 
grading of malignancies, it is important for the microscopist to be 
familiar with any deviation of the cellular structure from the normal. 

In the grading of malignant neoplasms, the proportion of cells that 
are differentiated is compared to those cells which are undifferentiated. 
The results are expressed thus: 

Grade i Carcinoma: The proportion of differentiated cells ranges 
from almost loo down to 75 per cent; that of the undifferentiated cells, 
from practically o up to 25 per cent. 

Grade 2 Carcinoma: The proportion of differentiated cells ranges 
from 75 down to 50 per cent; that of undifferentiated cells, from 25 
up to 50 per cent. 

Grade 3 Carcinoma: The proportion of differentiated cells ranges 
from so down to 25 per cent; that of undifferentiated cells, from 50 up 
to 7s per cent. 

Grade 4 Carcinoma: The proportion of differentiated cells is from 
25 per cent to practically o; that of undifferentiated cells, from 75 
to 100 per cent. 

For a more detailed explanation on the grading of malignancies, the 
reader is referred to Broders’ articles on the subject. 

Treatment. — For lesions that are microscopically diagnosed before 
they become invasive and probably before metastasis has occurred, 
excision with scalpel or the cutting current would seem to be the 
method of election. When we encounter a small lesion that we think 
IS or might be epithelioma of the squamous-cell type we excise it with 
a scalpel. If ft cannot be excised in this manner it is done with the 
cutting current. Naturally, the excision is wide and deep. A careful 
histologic study is then made to establish diagnosis, to determine the 
grade of malignancy, to ascertain the degree of invasiveness if any, 
^d the probability of metastasis already having occurred and, finally, 
to determine whether or not all malignant tissue has been removed. 
Subsequent treatment depends, naturally, on the result of the examina- 
tion. When there is no or very little invasion and the malignant cells 
are well within the excision, no additional treatment is given, but the 
patient remains under observation. WTien in doubt, roentgen rays or 
radium is employed. 

Advanced cases may be treated with roentgen rays or radium, 
^th surgical diathermy or scalpel surgery, or with a combination of 
these methods, according to location, extent of involvement, grade of 
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Broders’ classification explains the difference in the malignancy 
of the same type of carcinoma in different situations. The grading of 
malignancies is based upon cellular differentiation. A dedifferentiated 
cell is one in which the functioning quality is decreased or absent and 
the reproductive or proliferative quality is increased. The basal-cell 
type of carcinoma shows that dedifferentiation is slight; therefore, 



Fio. 57. — Squamous-cell epithelioma of Fic. 5S. — Same as Fig. s?- After surgical 
lower lip. diathermy. 



Fia 59.— Squimous-cell epilheliom of Fic. 60.— Same .5 Fig. S 9 . Alur surgicl 
lower ’.ip diathermy. 
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mucous membrane. The second stage includes more extensive lesions 
with infiltration of the subcutaneous structures but not affecting the 
lymphatics. The third stage includes tliose cases having lymph gland 
involvement. All these cases were treated with roentgen rays alone. 

One hundred and eight patients were in the first and second stages. 
Four of these showed glandular metastasis at a later date and died. 
Eleven of the cases were in group three and all died. Roentgenotherapy 



Fio, 65. — ^Verrucous squamous-cetl epilhelioma of lower Up involving left commissure. 
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Fig. 66, — Squamous-cell epithelioma of tongue of a woman. 
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malignancy, etc. In this country excellent results have been obtained 
in cases of advanced carcinoma of skin and orificial mucous membranes 
by Clark, Pfahler,-* Quick, Wood, Regaud and others with com* 



Fic. 63.— Squamous-ccll epithelioma of Fio. 64.— Same as Fig. 63. After removal 
lower lip. with cutting current. 


binalions of roentgen rays, radium, surgical diathermy and scalpel 
surgery. 

In a recent article, JIartin =* reports on 119 cases of squamous-ceii 
epithelioma of the mouth and lips. These he classifies in three clinical 
stages. In the first stage are those cases involving only the skin and 
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Fio. 69.-Aphthous ulcer trscmblins cpllheliDmr. 


(.9ro-.9t6). Eighty-two of these, or /i-S por cent w_ere completdy 
cured. The method used was the implantation ,, glands 

platinum-iridium needles — the so-called ^ • A ug histolog- 

pf the neck were involved and Proved to be 

ically, then a block dissection Ve skirsurface. 

of a radium pack at a distance of a to o , nHium oack 

Regaud is of the opinion that distance radiatio , . treat- 
er a wax mold will supplant the radium punc u treatment of 

ment of primary carcinomas. By using this method in the treatment ot 

carcinoma of the lip he reports the following results. 

A. Operable Cases; 98 per cent cures of the P/jJIf^Ythy'^foDfrabie 
grper cent cures of cases with cancerous adenopathy (operable 

cases with glands). 
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failed to cure all the cases having glandular involvement whether or not 
they were clinically present. 

The treatment is directed toward complete destruction of the local 
lesion and irradiation of the glands draining the involved area. Com- 
plete destruction may be accomplished by surgery, high-frequency 
currents, or by radium or roentgen rays. 

It can be said that there is no method of choice for the treatment 
of prickle-cell carcinoma. Frequently, the best treatment is a combina- 
tion treatment of surgical removal and application of roentgen rays 
or gamma rays of radium. For more detailed statistics and methods of 
treating cutaneous malignancies, see textbook by MacKee and mon- 
ograph by MacKee and Cipollaro.*** 

When carcinoma of the lip or mouth has invaded the cervical glands, 
Quick treats the neck from, both sides with heavily filtered radiation 



Fic. 67. — Squainou5-cell epithelioma of Fic. 68. — Same as Fic- 67- After removal 
tongue. cutting current. 


of maximum intensity consistent with tissue tolerance. Radium is pre- 
ferred to roentgen rays; but if sufficient radium clement or ratmn is 
not available, then heavily filtered high voltage roentgen rays should 
be used, for it is better to give “a go^ dose of roentgen rays than a 
poor dose of radium.” If only one node b involved and the carcinoma 
has not invaded the capsule, that node is removed surgically. If after 
irradiation there is a palpable node, then a unilateral block dissection is 
indicated. After dissection, filtered radon seeds are placed in suspicious 
places before the wound is closed. If the involvement is so extensive in 
the glands that the case is inoperable, then filtered radon seeds are 
placed throughout the cancer-beating area. For all practical purposes it 
can be said that when cancer involves the glands on both sides of the 
neck, the case is inoperable and hopeless. Heavily filtered roentgen- 
I ay therapy may be used palliatively. 


Paget’s Disease 
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TRANSITIONAL-CELL CARCINOMA 

This type of tumor arises from tissues having abundant squamous- 
cell tissue, as, for example, the tongue, floor of the mouth, tonsils, 
sinuses, ducts of mucous glands, etc. 

The rapidly growing forms of these lesions are difficult to recognize 
microscopically. Quoting from Ewing, these tumors “probably spring 
from gland ducts but may also arise from the general stratified layer 
of cells lining mucous surfaces. They form sheets of rather small cells 
which are cuboidal or spindle-shaped. They excite little growth of 
connective tissue. For these reasons they are markedly radiosensitive.” 

The primary lesion is usually very small, and metastasis is likely to 
occur early in the adjacent glands. The surface is finely granular and 
flat, giving the appearance of an erosion rather than an ulcer. Clinical 
evidence of infiltration is usually absent. This lesion is so small that 
it is frequently overlooked, and the first evidence of its presence to be 
noted by the patient may be glandular enlargement. 

In the treatment of this type of malignancy, the importance of a 
biopsy must be stressed. If the microscopic examination shows a transi- 
tional-cell epidermoid carcinoma, then the best treatment is radio- 
therapy combined with surgery. Gold radon seeds may be implanted in 
the tissues surrounding the primary lesion after its removal with 
surgical diathermy. Metastatic glands are treated with heavily filtered 
roentgen rays or radium. 


PAGET’S DISEASE 

Darier,-* Pautrier,- Fraser * and others have made careful studies 
of Paget’s disease of the nipple. As a result of these investigations, 
W’hile there is no unanimity of opinion, the consensus is that Paget’s 
disease of the nipple is a carcinoma of the intra-epidermal portion 
of the mammary duct; also, that Paget's disease is cancer from the 
very beginning. The distinctive microscopic picture includes the so- 
called Paget cell. These are sharply defined, large epithelial cells 
which contain a single, large, deeply stained nucleus. 

Paget’s disease of the nipple occurs rarely in men. Most of the 
cases occur in women. It is an uncommon rather than a rare disease. 
Both breasts may be attacked. It seldom occurs before the age of 35. 
Evolution is slow, but sooner or later there is evident carcinoma of 
the breast wth metastasis to the axillary glands. 

The clinical picture is not always the same. The usual picture is that 
of a sharply marginated eczema surrounding the nipple. The eruption, 
however, does not yield to any of the therapeutic agents employed 
for eczema, including small doses of roentgen rays. The stubbornness, 
ocation, age of the patient, sex, sharp margin, persistent erosions, 
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B. Cases of doubtful operability including those with glandular 
metastasis, 72 per cent cures. 

C. Inoperable Cases: 17.8 per cent cures of the primary localiza- 
tion considered by itself; 14.2 per cent cures of both primary 
and metastatic lesions. 

Carcinoma of the penis is always of the squamous-cell type. It is 
found to be more prevalent among those who have not been circum- 
cised in childhood. A tight prepuce is considered by some to be an 
important etiologic agent. Of all cancers in the male, i to 3 per cent 
are those of the penis. When these lesions are treated early, they 
respond well to roentgen rays and radium. The vast majority, how- 
ever, do not seek expert advice until after the disease is quite advanced 
with involvement of the deep tissues and inguinal glands. 

Pfahler and Widmann report nine cures of ten cases treated. 
Their method consisted, -in the majority of cases, of amputation of 
the penis by surgical diathermy and the application of roentgen rays 
to the inguinal glands. In some cases, amputation was preceded by 
irradiation. These results excel those obtained by surgery alone. 

Some cancer experts prefer to administer a large dose of roentgen 
rays or radium to a tumor before the lesion is removed or destroyed 
with scalpel surgery or surgical diathermy, especially when there is 
no evidence of metastasis. The rationale of such procedure is that any 
cells that remain in situ or that may enter the blood stream or 
lymphatic channels have received a dose of radiation that may prove 
lethal or that wll at least be inhibitory. The idea is a good one, but 
there are no convincing statistics in support of the method. 

The dose either of roentgen rays or of radium must, of course, be 
decided and administered by an expert. Experience has demonstrated 
the fallacy of producing extensive third degree reactions. In many 
instances the dose may be well within tissue toleration. In other in- 
stances the dose must be very close to the limits of toleration. With 
roentgen rays, the dose ranges from a few times to many times that 
required for erythema, depending on the size of the area treated, the 
age of the patient and particularly the quality of the radiation, i.e., 
the voltage and amount of filtration. With radium and radon packs 
(distant treatment), the dose ranges from a few hundred to several 
or many thousand milligram or millicurie hours. The dose depends on 
the character of the lesion and the dimensions of the surface to be 
e.\posed, the amount of filtration and the distance between the 
and the skin or mucous membrane. When gold or platinum radon seeds 
or implants are employed, ft is customary to implant one seed for 
every square centimeter of tissue. They are implanted all through the 
lesion and around its periphery. The amount of radon in each seed 
varies from 0.75 millicurie to 1.5 or 2 millicuries. 
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TRANSITIONAL-CELL CARCINOMA 

This type of tumor arises from tissues having abundant squamous- 
cell tissue, as, for example, the tongue, floor of the mouth, tonsils, 
sinuses, ducts of mucous glands, etc. 

The rapidly growing forms of these lesions are difficult to recognize 
microscopically. Quoting from Ewing,-® these tumors “probably spring 
from gland ducts but may also arise from the general stratified layer 
of cells lining mucous surfaces. They form sheets of rather small cells 
which are cuboidal or spindle-shaped. They excite little growth of 
connective tissue. For these reasons they arc markedly radiosensitive.” 

The primary lesion is usually very small, and metastasis is likely to 
occur early in the adjacent glands. The surface is finely granular and 
flat, giving the appearance of an erosion rather than an ulcer. Clinical 
evidence of infiltration is usually absent. This lesion is so small that 
it is frequently overlooked, and the first evidence of its presence to be 
noted by the patient may be glandular enlargement. 

In the treatment of this type of malignancy, the importance of a 
biopsy must be stressed. If the microscopic examination shows a transi- 
tional-cell epidermoid carcinoma, then the best treatment is radio- 
therapy combined with surgery. Gold radon seeds may be implanted in 
the tissues surrounding the primary lesion after its removal with 
surgical diathermy. Metastatic glands are treated with heavily filtered 
roentgen rays or radium. 


facet's disease 

Darier, 2 « Pautrier,^ Fraser * and others have made careful studies 
of Paget’s disease of the nipple. As a result of these investigations, 
while there is no unanimity of opinion, the consensus is that Paget’s 
disease of the nipple is a carcinoma of the intra-epidermal portion 
of the mammary duct; also, that Paget’s disease is cancer from the 
very beginning. The distinctive microscopic picture includes the so- 
called Paget cell. These are sharply defined, large epithelial cells 
which contain a single, large, deeply stained nucleus. 

Paget’s disease of the nipple occurs rarely in men. Most of the 
^ses occur in women. It is an uncommon rather than a rare disease. 
Both breasts may be attacked. It seldom occurs before the age of 35. 
Iwolution is slow, but sooner or later there is evident carcinoma of 
the breast with metastasis to the axillary glands. 

The clinical picture is not always the same. The usual picture is that 
of a sharply marginated eczema surrounding the nipple. The eruption, 
however, does not yield to any of the therapeutic agents employed 
for eczema, including small doses of roentgen rays. The stubbornness, 
location, age of the patient, sex, sharp margin, persistent erosions, 
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Paget’s Disease 

mfiltration, retraction of nipple and, perhaps, some pain should make 
one suspicious of the true nature of the affection. Instead of an eczema- 
like eruption the condition may consist of infiltration of the nipple, or 
the nipple may be keratotic or verrucous, and is usually retracted. 
It is unwise to depend on clinical diagnosis. WTien a nipple or a breast 
has been normal and becomes abnormal, and the condition does not 
respond immediately to conventional treatment, a careful microscopic 
study of the tissue should be made. 

Treatment. — Cases have been permanently cured with roentgen 
rays and radium, but such treatment is uncertain. It is now the con- 
sensus of opinion among dermatologists that as soon as the diagnosis 
is established mastectomy with removal of a.\illary glands should be 
performed. 

ExTRAiiAiiMARY Pacet’s DisEASE.—Paget’s diseose has occurred 
on the penis, scrotum, perineum, pubic region, umbilicus, lip, nose, 
cheek, forearms, trunk, ears and longue. In fact, it may occur in 
almost any location. In such instances, the growth begins in the 
epithelium associated with the cutaneous appendages. Clinically, extra- 
mammary Paget’s disease may resemble Bowen’s disease, eczema, 
psoriasis, basal-cell epithelioma, squamous-cell epithelioma and other 
diseases. As a rule, the diagnosis can be established by microscopic 
examination. 

Treatment consists of removal or destruction of the lesion with 
surgical diathermy or scalpel surgery- 
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bowen’s disease 

riginally, this condition was thought to be a forerunner of cancer, 
as known as Bowen’s precancerous dermatosis. It is now known 
B cancer from the beginning — an intra-epidermal carcinoma. There 
be a single lesion or multiple lesions. They are most common 
he trunk and extremities but may occur in almost any location, 
i in the orificial mucous membranes. Clinically, they resemble the 
type of basal-cell epithelioma — multiple epitheliomatosis cutis, 
y have a well-defined marjpn and a dark-red color. They may be 
and scaly or edematous, exudative and eroded. As a rule, there is 
’ little infiltration, especially in the early stages. Evolution is slow 
the degree of malignancy is low. Metastasis does not occur. CHn- 
y, the affection must be diherentiated from! basal-cell epithelioma, 
imous-cell epithelioma, eczema, psoriasis, and other dermatoses, 
disease can be cured with roentgen rays, radium or with electro- 
ccation. 



Fxc. 73. — Melanoma in a young boy. 


MELANOMA 

The term melanoma is ordinarily used to designate a pigmented 
•lignant neoplasm. Benign melanomas include pigmented nevi, the 
le nevus of Ti^he and the mongolian spot, while malignant melj 
Dmas include melanocarcinoma, nevocarcinoma, melanosarcoma and 
.’osarcoma. Melanomas probably all arise from a specific mcsoblastic 
1 , the chromatophore. The term melanosarcoma has been used in- 
•reclly as a synonym for melanocarcinoma. Melanosarcomas arc 
"C and arise in the choroid coat of the eye and in the blue nevus 01 
echc.*** 




Fic. *4.— Metanoma of the hand. 
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The type of nevus that most frequently gives rise to melanoma is 
the blue-black or slate-colored, smooth, flat, hairless mole. Metastasis 
is likely to occur early. The prognosis is grave. Melanomas may occur 
at almost any age. Occasionally such an innocent condition as granu- 
loma pyogenicum may markedly resemble a melanoma. 

Lesions of this type have been cured with roentgen rays and with 
radium, but such treatment is very uncertain, as melanoma is radio- 



Fic. 8i. — Gianulgma p>'ogenicuro resembling melanoma. 


resistant. Perhaps the best treatment consists of the administration 
of a large dose of heavily filtered radium or roentgen rays, followed by 
e.\cision with the cutting current. Malignant cells may be found some 
distance from the periphery of the lesion, especially in the subcutane- 
ous tissue. Therefore, the excision should be wide at the surface and 
wider below — cone-shaped e.xcision. It should extend down at least to 
the muscle. The excised tissue should then be carefully examined 
under the microscope to ascertain, so far as possible, whether or not 
all the malignant cells have been removed. WTien diagnosed before 
metastasis has oc nrrcd and before there has been much local spread- 
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ing, it is possible to obtain a permanent cure. After metastasis has 
occurred very little can be done. Metastatic lesions soon occur in the 
viscera and various parts of the cutaneous surface. 

SARCO^fA 

Sarcomas of the skin are the least common of the cutaneous malig- 
nant neoplasms. They are formed of immature connective tissue cells. 
In the nonpigmented tumors, the cells may be of the small or large 
round variety, spindle-shaped or the mixed-cell type. The small round- 
cell sarcomas are the most malignant and the fibrosarcomas and giant- 
cell sarcomas the least malignant. The more the cellular structure re- 
sembles adult tissue, the less the malignancy. 

The following classification of cutaneous sarcoma has been sug- 
gested by De Amids: 

1. Localized or multiple nonpigmented sarcoma. 

2 . Melanotic sarcoma. 

3 . Multiple hemorrhagic sarcoma of Kaposi. 

Localized Nonpigmented Sarcoma. — ^This variety is the most 
benign. It appears as a single localized tumor, pea- to lemon-sized, 
usually the color of normal skin. Early surgical removal offers the best 
outlook. 

Multiple Nonpigmented Sarcoma. — In this type the lesions vary 
in number from a few to several hundred. These lesions may develop 
following the appearance of a single primary growth. They are pin- 
head- to egg-sized and are round or oval. The overlying epidermis is 
smooth and shiny, and telangiectases are frequently present. The out- 
look is serious. Coley’s serum may be tried, but it is doubtful if 
any benefit can be derived from it. Roentgen rays may be used pal- 
liatively. 


Melanotic Sarcoma. — This is the most malignant of the sarcomas. 
Lesions usually start in the choroid layer of the eye or in the blue 
nevus of Tieche. The cutaneous lesions are pinhead- to egg-sized, 
of a firm consistency and blackish in color. The shape is oval or round 
and slightly elevated. Th«e cases end fatally practically always, unless 
detected very early. Coley’s serum may be attempted. Little can be 
done except in a palliative way. 


Multiple Hemorrhagic Sarcoma of Kaposi.— This affection is 
not very malignant. The sites of predilection are the extremities. It 
^ost frequently in males. The eruption consists of various- 
> 2 ed, infiltrated, lilac-colored, dou^y plaques, or collections of several 
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The type of nevus that most frequently gives rise to melanoma is 
! blue-black or slate-colored, smooth, flat, hairless mole. Metastasis 
ikely to occur early. The prognosis is grave. Melanomas may occur 
almost any age. Occasionally such an innocent condition as granu- 
(la pyogenicum may markedly resemble a melanoma. 

Lesions of this type have been cured with roentgen rays and wth 
Hum, but such treatment is very uncertain, as melanoma is radio- 
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sislant. Perhaps the best treatment conasts of the administration 
a large dose of heavily filtered radium or roentgen rays, followed by 
xision with the cutting current. Malignant cells may be found some 
stance from the periphery of the lesion, especially in the subcutane- 
is tissue. Therefore, the excision should be wide at the surface ana 
ider below — cone-shaped excision. It should extend down at least to 
le muscle. The excised tissue should then be carefully exammed 
ader the microscope to ascertain, so far as possible, whether or not 
1 the malignant cells have been removed. ^Vhen diagnosed before 
letastasis has occurred and before there has been much local spread- 
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Fjc. 86.— GianUccIl sarcoma. Fic. 87. — Same as Fig. 86. After excision 

by Dr. Merlin J. Stone. 



Fig. 90. — Sarcoma of Kaposi type. 
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or many firm, bean- to P--si.ed rcdd^ 

types of lesions are usually present. ji,, years; spontane- 

Xos”fs^cific‘Kis disease. Arsenotherapy is said to be of va ue. 
(See article by MacKee and Cipollaro. ) 


lee arui-ic uy 

Neurogenic Sareoma.-Ttee «e tumors ansing ftom nerje^ iss 

trunk. 


Derrnatofibrosarcoma.^arier_=»^Kpoj!ed by 

fibrosarcoma in 1924. Cl ”jS''taTfnmtraang nodules which 


fibrosarcoma in infiltrating nodules which in- 

development in the skm of amJ , ^ sclerotic, bluish 

crease in size and number slo\ V , sessile nodules and tumors 
plaque. Later on stalked, Pedunculated or sK de noo 

Set from this plaque. These neop “ms “re nmo 

the size of an apple. The '■progressive and recurring 

.8‘i!!j!;;^p“uutymptom^ does not affect the general 

4..,.:..^ . .1 - rri,ft 


Liarier " 

dermatofibrosarcoma. 

health and does'not ., these tumors histologically. The 

JiSKirnt— .=■»« ■”» ‘ 

form of therapy except as in '^e after complete excision 

and Wil\is,=» in which there was no recurrence an 

of the mass. 


the mass. 

Melanotic Whitlow ('^c'“"?/’K°Xiclf is'^chwacterized by the 
is a malignant dbease of the “ail.bed. “ associated lormaUon 

formation of nodules of neoplastic tissue t are 

of melanin about the border and beneath the nmn ^aars. 

painful and the majority of the ''icfms die f of choice. 

^ Early surgical removal or amputation is 

5.^ in a single chm^ 


Early surgical removal au.p ^ ^ 

Lymphosarcoma.— This condition is very malig- 

of lymph glands and occurs ^ m .L ^ -pije glands most te- 
nant and markedly susceptible glands. If neglected, 

quently involved are the cervical and axillary gw 
these go on to ulceration. _ , -nd radium are 

Since this disease is radiosensitive, may be removed 

indicted. In some cases, isolated involved glands may 
surgically. 
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Fic. Qx. — Sarcoma of Kaposi type. 
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Fig. Saicoma o£ Kaposi type. 
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Miscellaneous Malignant Diseases 



Fic. 93. — ^Lymphoblastoma. 


^ Miscellaneous Malignant Diseases. — The Spiegler-Fendt sarcoid 
IS thought by some to be a benign type of sarcoma. Serious diseases of 
the hematopoietic system and reticulo-endothellal system may cause 
tumors of the skin-^leukemia cutis, Hodgkin’s disease, mycosis fun- 
goides, lymphoblastoma,, etc. Many such conditions are temporarily 
amenable to roentgen-ray and radium therapy. 




CHAPTER NINETEEN 

electrosurgical currents and the histology of 
electrosurgical wounds 

John D. Ellis, M.D. 

rrti S 

tissues to the current, which manifests itsell in 
and the local destruction of tissues of 
It is my purpose to deal with a distinction in efiect upon tissues ol 
the so-called cutting current and the coagulating current, in so far a 
such distinction can be made, and, in a rudimentary "'“y' 
tinction in the quality of the current Xms „f 

coagulating effects. The production, technic, and tipue effects of 
fullmatini and dehydrating currents wili be more br.efiy describe^ 
The commerciai machines produced by difterent 
greatly in construction and produce a correspondingly g y 

in the quality of current. The ohmic ““ 

or too little to give the desired effect, and undesirable secondaw 
faradic currents, with their resultant neuromuscular response, are 
experienced when improperly constructed machines are use . 
ample, it appears that the only way in which the sustained oscillating 
current of radiotron machines can be employed for coagulating p^ 
poses is by raising the amperage and voltage to a point where charring 
of the tissues, which prevents a disseminaUon of the coagulating effect, 
soon results. On the other hand, the spark-gap machine produc^ a 
current from which it is difficult to eliminate the coagulating effect 
of the damped current inherent in the spark-gap machine. presen 
lack of standardization is unavoidable because^ of the difficulty in 
accurately measuring amperage or voltage during operation of the 
machine, so that the proper strength of current used for coa^lation 
or for cutting must be learned by experience ^Yith each individual 
machine. 

A very nice balance must be maintained between voltage and 
amperage, and also the capacity, inductance, and resistance must 
outer into the determination of the particular current used. 

Doyen’s earliest machine, producing a high voltage and high fre- 
quency of oscillations but a low amperage, was equipped \vith a trans- 
former, spark gap, and condenser, attached in circuit with an Oudin 




The Cutting Current 3 

therefore, undamped oscillations. The oscillating currents from radio- 
iron machines present a precisely determined wavelength. In contrast 
to this, the oscillations of the spark-gap machines are composed of 
a mixture of waves of different lengths. It is not to be supposed that 
in actual practice damping is the only factor which distinguishes the 
cutting from the coagulating current. The elevation of both amperage 
and voltage \vithin certain limits, produces more coagulation, while 
the increase in frequency in the undamped current up to a certain 
optimum of several million per second tends to produce a more smooth 
and uniform cutting effect. The duration of the application of current 
to tissues and the density of current, as conditioned by the size and 
shape of the active electrode or cutting point, also function in the de- 
termination of the extent of the area of coagulation. By lowering the 
voltage of the coagulating current to a minimum, the slow heating 
effect on tissue produces what Clark called electrodesiccation, a de- 
hydrating change without electrocoagulation. 



>•— Skin of frog incited with a minimum amount of cutting current presenting 
won %ilh a Ihin layer of coaeulalion such as would not be eTpccled to prevent 
primary union. 

, skin divided with a dehydrating current. The epidermal cells adjacent 

ne cut are changed in orientation; x 365. 


General Effects of the Cutting Current on Tissues 

The technic of electrical cutting is the most recent development in 
electrical surgery. Smooth cutting depends, in part, upon the fre- 
quency of the oscillations, and upon the adjustment of a spark-gap 
machine to a frequency of 50,000 to 80,000, while with a radiotron 
achme exhibiting a frequency of often more than 1,000,000, the 
pHh can be handled just as a plain scalpel. The electrode 

6 ues through the tissues wthout the necessity of pressure. One has 
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coil. Later he used the enUrc solenoid (Oudin coil) as a secondary 
cod, taking the current off at both ends, producing the so-iatled 
biternuna! current. The earlier machine supplied a fulguration cur- 
rent, while tM later one furnished the current we now call electro- 
coa^lating. Charring of tissues in fulguration prevents penetration 
of the coagulating effect. 


The Cutting Current 


_ The production of the cutting current came many years later, and 
IS just now being wdely discussed in German literature by Kuecken 
AT *u the Gynecological Clinic of the University of 

Munich, and by Keysser, a former associate of Lexer. The principal 
rrench contributors are Champy and Heitz-Boyer, while in England 
^me expenmental work has been undertaken in London by Sampson 
andley, Gordon Taylor, and Douglas Harmer. In America, several 
important surgeons are now interested in the possibilities of the cut- 
ting current. 

This cutting current depends, for its peculiar surgical effects and 
characteristic tissue^ changes, upon the amount of damping— or, 
rather, lack of damping— of Us wave trains. It is safe to say that the 
more nearly a perfect, sustained, uninterrupted oscillation is exhibited, 
tne more nearly the wound produced approximates that of a surgical 
scalpel. The exact wave forms produced by the various surgical ma- 
enmes during their application have not yet been actually photographed 
with cathode ray oscilloscope because of technical difficulties in 
projecting the shadows of the individual wave of oscillations at such 
igh frequency as the ones now used, and because these oscillations 
are affected by various adventitious factors of damping and second- 
arily induced wave forms. 

The production of a high-frequency surgical current depends upon 
tne osallation of electrons, which perform a pendulum-like move- 
en . 1 here are two fundamentally different methods of obtaining 
cryfM In the first, just as the swinging of a pendulum gets 

a er and smaller on account of the friction resistance, so in the 
par -gap inachme the oscillations of the electrons slowly decrease, 

^ damped by air resistance. We deal, 

t’ machines, with damped high-frequency oscil- 

f ^ second method, undamped oscillations are generated 
radiotrons. These machines employ the same radiotrons 
\Vi> ifnn, used in the wireless and in broadcasting, 

ivhirv. ic 1 , ^fdiotrons a pure current of electrons is flowing, 

nf f ythmically influenced by the continually changing charge 
^"d the cathode in the tube This is 
nHintron • which Sustained oscillations are generated. Since the 

S as far as possible-that is, free from air-the 

oscillations are n it damped by air resistance of any kind, and are, 
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The Dehydrating Cut 

By a slight change in voltage and amperage, a cutting current can 
be reduced with enough coagulating characteristics to seal the smaller 
blood vessels along the edge of the cut in anf area of so-called dehydra- 
tion, which is white and presents cells with shrunken contour and 
pyknolic nuclei, the fluid contents having evaporated. The skeleton 
contour of the cells is distinguishable. The cytoplasm stains vividly, 
while the nuclei are hyperchromatic. 

General Effects of the Coagulating Current 
ON the Tissues 

This tissue effect is produced par excellence by a high amperage and 
a strongly damped current in a spark-gap machine, or by raising the 
voltage and amperage of the radioiron machine. A lower frequency 
of oscillations is necessary than for cutting purposes. Widespread 
coagulation can easily be produced with a spark-gap machine without 
charring or carbonification of the edges of the wound (Fig. 3). In the 
use of this, as in the cutting current, the electrode is brought in con- 
tact with the tissues, and then the circuit is closed. If the circuit is 
closed before the contact is made, sparking across from the electrode 
to the tissues may result in charring. This zone of charring interferes 
with the dissemination of the coagulating current and limits the coagu- 
lating effect. It is also improper to remove the electrode from the 
tissues until the current is opened. This sparking from the electrode 
to the tissues, besides the charring effect, also induces faradic extra 
currents and muscle jerking, which interfere with the delicacy of the 
operation. Small areas of coagulation assume the form of a half globe 
or an inverted cone, the base of which is on the surface of the tissue 
being cut. Two definite zones can be described in the coagulating effect. 
The inner zone is blanched and the zone external to this is hyperemic 
in appearance. The inner ^ne, in histologic preparations, presents a 
blue nuclear staining, e.g., hematoxylin, contrasting with the red eosin 
staining of the intact tissue. The tissues so affected are somewhat 
shrunken and the nuclei have lost their definition and stain poorly, or 
disappear. This is the typical picture of coagulation necrosis. The pro- 
teins are split, freeing blue staining acid radicals with a probable 
increase in the local hydrogen potential. According to Doederlein, the 
protein hydrosol is changed into a hydrogel. This inner zone passes 
over into an ill-defined outer zone of shriveled cells with pyknotic 
nuclei and a region of dilated vessels, “The faster the tissue dies, 
he more it conserves its original form and shape” (Ernest) The pri- 
mary effect of the heat is identical with necrosis of ordinary skin 
urns. This applies to preparations made immediately after the opera- 
tion. Preparations made several hours or days later show the outer 
zone being invaded by fibroblasts, round-cell accumulation, and for- 
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the impression that the tissue melts under the influence of the elec- 
trical current. Kirschner, for this reason, has given it the name of 
“melting cut.” This incision has the gross appearance of a scalpel 
cut (Figs. I and 2). Kelly has called this procedure “acusection,” 
and Keysser has described it as “akutomy.” The histologic effects 
on tissues can be described in 2ones, the innermost being a zone of 
mechanical disruption of tissue and explosion of cells. The question 
of 'whether this effect is produced by molecular dissonation, due to 
the assumption by the molecules or atoms of the tissues of a new 
rate of vibration, causing dissolution of the molecular structure, as 
postulated by Oudin, or whether it is merely a thermal effect due to 
the sudden expansion of the cell when its liquid contents are converted 
to steam, as Jellinek thought, is speculative and need not interest us 
here. Just outside of this zone of tissue disappearance is a zone of 
elongation or attenuation of cells, this drawlng-out effect being seen 
principally in the nuclei which are more fluid than the cytoplasm. 
Kawamura described radiating lines of similarly attenuated cells run- 
ning out from areas of electrical injury in fatal cases. Depending 
upon the fluidity of the tissues, there is a varying amount of change 
in the orientation of these elongated cells, so that they come to lie 
parallel with the direction of the cut. This effect is seen at its ma«- 
mum in soft connective tissue or muscle, and cannot be produced m 
the stratum corneum of the skin. In parenchymatous organs, this elon- 
gation is transmitted along the nearby blood vessels, perhaps because 
the tissue surrounding the vessels is less resistant than tlie vessel wall 
itself. 

Wildermuth, assuming the resistance of a chemically pure physio- 
logic salt solution of a temperature of 18® C. (64.4® F.) as i, esti- 
mates the specific resistance of the various tissues as follows; 


Fatty tissue i9>4 

Brain tissue 5*5" 

Pulmonary tissue 3*5" 4*° 

Liver tissue 2.8- 3.3 

Skin 2.5- 3.0 

Muscle 1.5 


Blood, approximately 

The higher the fluid or blood content of an organ, and the lower its 
fat content, the less its resistance to electric section. The great re- 
sistance in cutting through fat, as compared to muscle and skin, at 
first disturbs the surgeon habituated to the scalpel, which cuts fat 
more readily than muscle and skin. The variation of resistance to 
eletitit cuUing necessitates a readjustment of the machine as one 
passes from ?' -n into fat, and then into muscle or parenchymatous 
organ. 
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The Dehydrating Cut 

By a slight change in voltage and amperage, a cutting current can 
be reduced with enough coagulating characteristics to seal the smaller 
blood vessels along the edge of the cut in an: area of so-called dehydra- 
tion, which is white and presents cells with shrunken contour and 
pyknotic nuclei, the fluid contents having evaporated. The skeleton 
contour of the cells is distinguishable. The cytoplasm stains vividly, 
while the nuclei are hyperchromatic. 

General Effects of the Coagulating Current 
ON the Tissues 

This tissue effect is produced par excellence by a high amperage and 
a strongly damped current in a spark-gap machine, or by raising the 
voltage and amperage of the radiotron machine. A lower frequency 
of oscillations is necessary than for cutting purposes. Widespread 
coagulation can easily be produced with a spark-gap machine without 
charring or carbonification of the edges of the wound (Fig. 3). In the 
use of this, as in the cutting current, the electrode is brought in con- 
tact with the tissues, and then the circuit Is closed. If the circuit is 
closed before the contact is made, sparking across from the electrode 
to the tissues may result in charring. This zone of charring interferes 
with the dissemination of the coagulating current and limits the coagu- 
lating effect. It is also improper to remove the electrode from the 
tissues until the current is opened. This sparking from the electrode 
to the tissues, besides the charring effect, also induces faradic extra 
currents and muscle jerking, which interfere with the delicacy of the 
operation. Small areas of coagulation assume the form of a half globe 
or an inverted cone, the base of which is on the surface of the tissue 
being cut. Two definite zones can be described in the coagulating effect. 
The inner zone is blanched and the zone external to this is hyperemic 
in appearance. The inner zone, in histologic preparations, presents a 
blue nuclear staining, e.g., hematoxylin, contrasting with the red eosin 
of ^he intact tissue. The tissues so affected are somewhat 
shrunken and the nuclei have lost their definition and stain poorly, or 
disappear. This is the typical picture of coagulation necrosis. The pro- 
teins are split, freeing blue staining acid radicals with a probable 
increase in the local hydrogen potential. According to Doedcrlein, the 
protein hydrosol is changed into a hydrogel. This inner zone passes 
over into an ill-defined outer zone of shriveled cells with pyknotic 
nuclei and a region of dilated vessels. “The faster the tissue dies, 
tne more it conserves its original form and shape” (Ernest). The pri- 
of the heat is identical with necrosis of ordinary skin 
Hn D applies to preparations made immediately after the opera- 
In ■ ^‘■.^P^‘‘ations made several hours or days later show the outer 
zone being invaded by fibroblasts, round-cell accumulation, and for- 
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able, and the resulting tissue injury one of the most dangerous factors 
one deals \vith in electrosurgery. After coagulation in the vicinity of 
large vessels, a fata! postoperative hemorrhage may occur as the 
result of an unexpected necrosis of the vessel wall. 

Specific Effects on Different Tissues 

Skin preparations were first studied in our experiments to determine 
the type of injury produced by the minimum amount of cutting and 
coagulating current which would leave a visible impression on the 
surface. Later, attempts were made to incise the skin of the human. 



Fk. 4.— Comparison of primary unions belween clcctrosurgical knife wounds. A, and 
scalpel control wounds, B. (Reprinted from J.AJrI.A. 96: 16-18, 1931.) 


dog rabbit, and frog with a current producing a purely cutting effect 
without necrosis. In all skin possessed of a stratum corneum, i.e., in 
ah types employed except that of the frog, specific cutting effect with* 
out coagulation could not be accomplished. A narrow margin of coagu- 
lation bounded every incision, although this was narrower (a minimum 
01 I mm.) with the cutting than with the coagulating current. The 
stratum corneum, then, resists the disruptive effect of the cutting 
current until enough heat is produced by tissue resistance to cause 
coagulation. At the time of incision, the epidermis is blanched and is 
inner because it is shrunken. The individual epithelial cells can no 
onger be discerned plainly in the stratum corneum, while in the 
srata mucosa and germinativa, the cells assume somewhat the ap- 
pearance of those in a normal corneous layer. The cells in the basal 
onh^ shrunken together and have dark, spindly nuclei. The fibers 
the connective tissues of the corium are either coagulated adjacent 
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never vane* fflw^tha^n^foa healing in skin of dogs: The strength of heali 

wound. {Reprinted from 



healing U less whc^hpa*^**!ff^ wound healing in shin of dogs: The strength of 
slight dehydration is used 3s ” applied than when 

«sea, as lit Fig. 5. (Reprinted from pt>; i6-j8 , J931.) 
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the skins provided with a stratum corneum presents no difference in 
type of tissue injury from that of coagulation, described above. We 
conclude, then, that it is not possible to produce a purely culling effect 
without some necrosis on a skin with a horny layer. This slight 
necrosis produced by the cutting current does not, however, always 
preclude healing by primary intention, as I found in another experi- 
ment performed to test the tensile strength of wound healing on dog 
skins. In this experiment 6o per cent of electrically produced wounds 
showed primary union in comparison with 97.5 per cent of primary 
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a chanee of orientation and shape of the superficial cells and a seaUng 
of 4XrS and lymphatic channels. These mcstons hea ™ h 
appmximLly the same tensile strength as V 
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fibroplasia. Baitsell, Hertzler, and Hartwell have shown that fibrin 
and collagen are deposited in primary healing by a chemical reaction 
from prefibrin by the absorption of the edema fluid of a wound (Fig. 
lo). This appears to them to be entirely independent of cellular activ- 
ity and conditioned by the hydrogen potential of the wound. Fibro- 
plasia occurs first by stereotropism of wandering tissue cells or 
clasmatocytes along the fibrin network, and later by proliferation 
of these cells, producing fibroplasia. This mechanism was described 
in 1914 by Harrison, and the work has been studied and corroborated 



fic. 10 .— Primary healing of stomach wall of dog without a zone of necrosis after section 
with cutting current; x ij. 


recently by Baitsell, Wereschinski and Carrel. The last has shown 
that the formative stimulus to fibroplasia is not found in the blood 
plasma, but is a local product of the injured tissues. Baker and Ham- 
niett, working in Carrel’s laboratory, found that the formative stimu- 
us does not depend upon the amino acids that the wound or adjacent 
issue contains, but is a protein cleavage product containing a suUhy- 
uryl group. The elaboration of this essential stimulus for cell multi- 
P ication is apparently not interfered with by the application of the 
^tting current to muscle or stomach, and, in some instances, to skin. 
. ® production of a fibrillary fibrin network is generally not demon- 
t ® ^^l®r electrosurgery. Following the advice of Hertzler, I at- 
demonstrate this network with a Weigert-Pal stain, and 
fib^'^ Kolschetzski modification, but found only a granular 

rm deposition, such as one sees in wounds healing by granulation. 
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The coagulating current, applied to skeletal muscles and stomach, 
produces the same inverted zone of coagulation as described in the 
deeper layers of the skin. The appearance of the coagulated muscle 
after a few days resembles hyalin in a necrotic area ultimately sur- 
rounded by a connective-tissue capsule or absorbed and replaced by 
fibrosis. 

Specific Effects on Blood Vessels 

The discussion of the effects of these currents on the blood vascular 
system can be divided, for clinical purposes, into: 

1. Capillary hemostasis in vessels of the size which do not usually 
bleed after the hemostat is removed in ordinary surgery, e.g., lapa- 
rotomy wounds 

2 . The coagulation of moderate-sized vessels, such as the ones which 
must be ligated before the hemostat is removed 

3. The closure of arteries and veins of the size of the radial artery, 
or larger 



Fio. II. — Electric ligation of vein with rupture of wall and extravasation of blood, 
xis-S- 


Hemostasis in Capillaries, Arterioles, and Venules. — ^\Vhen tis- 
sues are severed with the cutting current without any zone of coagu- 
lation, capillary hemorrhage results (Fig. ii), which suddenly ceases 
a few minutes later, even in such vascular tissue or muscle or kidney, 
with a facility that surprises the surgeon. This unusual effect was first 
investigated by Heitz-Boyer, who noticed, in histologic preparations, 
the transm' -ion of elongation and stretching of the cells of the pen* 
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vascular sheath to a point several millimeters from the cut end of the 
capillary. There is an abrupt change in the muscular wall of venules 
and arterioles, causing contraction and fusion with obliteration of the 
lumen at the point of severance. The arteriole, in particular, often be- 
comes tortuous for a few millimeters (Fig. 12). The vascular lumen 
is occluded by the collapsed walls'and the few epithelial lining cells 
which are torn off and seen free in the lumen. In some specimens, no 
endothelial changes are seen except a curious, w'ave-like wrinkling in 
transverse ridges just at the point where the lumen begins to contract. 
It did not appear to Heitz-Boyer that the existence of a few avulsed 
cells in the lumen was sufficient to account for the sudden hemostasis 



m the capillaries and arterioles after cutting, and it was suspected that 
there must be a rapid and abundant liberation of thrombokinase from 
attrition of the vascular wall. The following experiment was under- 
taken: The serum of rabbits’ blood was placed in paraffined tubes, 
small, well-polished pipettes were introduced into rabbits’ veins and 
arteries without touching the edges of the wounds of entrance. These 
vessels were then severed x to 2 cm. from the pipette point with un- 
amped current and with the scalpel. The pipettes were withdrawn 
and placed in the tubes containing serum. The pipettes from the 
vessels electrically damaged caus^ immediate coagulation of the 
serum, while those from the vessels with the knife wounds caused no 
oagulalion of serum for 10 to 12 min., which is the same time that 
tV occurred in the control rabbit serum. They inferred from 

abundant thrombokinase was liberated from the smaller 
sci Walls by the action of the electric current. 
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them ?nnrheH “ “'■ wMch occludes 

L tS tissue surround- ‘“P™duce successful hemostasis. The 
the less thf nrnf f ^ ® the vessel is gripped with the hemostat, 
necrotk Ss„f ,t,n ^he smaller the amount of 

vv thout a s ouvh 1 absorption of this tissue 

vvitnout a slough, and the less the chance of infection or secondary 


^ j. 





des^^aiion li^ion” of artery. Convolution of intima without 

mu^cularis and cIasiicT°l notabie changes seem to be displayed in 


coagulated vessel. We experimented in coagula- 
vpqcpIc -»cf* vessels and the radicals of the superior mesenteric 

were the dog and found that these 

wnik ™ °';^J“^ed by use of the coagulating current (Fig. 13). The 
It h rmitttihil changes that occur in the capillaries on section, 

the vSsel all ^ntn^fr exhibit enough coagulating current to break 
the hrifttp ppIi ^ fragments and produce hemorrhage, or to explode 
reirion nf constricted ^vall a few millimeters from the 

tion tn pmnipt^ becomes more efficient, there is a tempta- 

It is easv ?n ^ ''‘^^tage and a shorter time. This is dangerous, 

which ni^hpc ^ cloud of steam at the point of application 

It is m^y onffi instead of sealing it. 

y P 1 that the successful coagulation depends upon the 
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mechanical effect of constriction of the lumen, and not on thrombus 
formation. The cells of the muscular layers appear crowded together 
and stained blue. There are the usual nuclear changes which accom- 
pany electric coagulation. The intinta is seldom avulsed and few free 
epithelial cells appear in the lumen (Fig. 14). If the vessel is coagu- 
lated in the solid tissue of an organ, the vessel change does not extend 
beyond the tissue necrosis in the parenchyma of the organ. This limi- 
tation of change was first described by Kuntzen and Vogel, who car- 
ried out experiments upon rabbits. A lobe of the liver was fixed in 



Fic. 14. — Corrugations of inlima, with contraction of muscle walls in electrical hemo- 
stasis; X85. 


the abdominal wall and excised with a coagulating current. The ani- 
^Is were killed on various days. The portal vein was injected with 
India ink. Thrombi were found to form only as far as the tissue 
necrosis in the surrounding liver substance. An elective depth effect 
‘if Ae current upon blood vessels did not manifest itself beyond the 
region of coagulated liver. No secondary hemorrhages occurred along 
the vessels. This agrees with my experience. 

Sealing of Larger Vessels. — Tinker has described the coagulation 
of the blood in these larger vessels extending 12^2 mm. along the 
lumen. We were unable to demonstrate any such thrombosis in arteries, 
tn veins, a definite coagulation extended not farther back than a 
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distance equal to the diameter of the lumen when the vessel was 
coagulated with a current strong enough firmly to close, but not en- 
tirely destroy, the vessel. Even after several days this small, red 
thrombus was still seen in the vessel merely as a coagulation throm- 
bosis, the definition of many of the red cells being retained and the 
white cells appearing unchanged in morphology. There is no progres- 
sion in the size of the thrombus, examined several days after the 
occlusion of the vessel. According to Aschoff, this coagulation throm- 
bosis is in sharp contradistinction to true thrombus formation, which 
he describes as conglutination and agglutination thrombosis. This 
latter process presupposes the local heaping-up of platelets, which 
process is one of the two primary factors in thrombus formation, 
the other being stoppage of the blood stream. In my opinion, the 
strength of the hemostatic effect in these larger vessels is determined 
by the shrinkage and collapse of the vessel wall, and not by pressure 
from thrombus formation in the vessel. Based on the idea that satis- 
factory sealing of these vessels is accomplished by shrinking of 
wall, Harvey Cushing has originated a novel manner of dealing with 
them in neurosurgery, which is applicable in any region where the 
vessel is exposed and free from the solid organs. A ball electrode, 
about in. in diameter, is used in connection with the usual coagu- 
laUng current of a strength appropriate to the size of the vessel. 
Beginning at the clamped section of the vessel, its surface is gently 
stroked in a series of short strokes, which results in pushing the con- 
tents of the lumen back and sealing the vessel shut as one proceeds. 

Conclusions 

The effects of high-frequency currents used in surgery depend 
definitely on the qualities of the current employed. Two types of 
electrosurgical machines are in common use, one in which the fre- 
quency of oscillation is produced by multiple spark gap and the 
by radiotrons or radio tubes. The first always produces a somewhat 
damped current. The less the damping, the more nearly the current 
produces a clean cut, like an ordinary scalpel wound; the more the 
damping and the higher the amperage, the greater the amount of 
coagulation produced in the tissue at the edges of the incision. Both 
the cutting current and the coagulating current have speaal indica- 
tions and advantages in surgical practice. The radio knife can be 
made to produce a cut without coagulation, as the current is not 
damped. By increasing voltage and amperage in this machine, a coa^- 
lating cut can be produced, but this is likely to be associated with 
charring and prevents penetration of the coagulation into the fissures. 

Experimental cuts were made with both types of current on the skin 
of the human, dog, rabbit, and frog. The first three of these have a 
skin with a stratum corneum, and, in the presence of this layer, some 
coagulation results before penetration of the skin can be accom- 



Bibliography ‘voium ii] 17 

plished, even with a pure cutting current. This coagulation does not 
necessarily interfere with primary healing, but only 6o per cent of 
the cuts produced in dog’s skin healed by primary intention. The 
skeletal muscles and the muscular layers of the stomach and intestine 
can be severed with a cutting current without coagulation. The phe- 
nomenon of vessel closure with a coagulating current is an interesting 
one, involving collapse, shrinkage, and agglutination of the vessel 
walls without extensive thrombus formation. A large amount of 
thrombokinase seems to be liberated in cutting capillaries and small 
vessels. There are many serious errors to be avoided in coagulating 
vessels. Too rapid coagulation causes explosion and subsequent 
hemorrhage. 

In coagulation of tissues, the specific resistance of the tissues varies 
tremendously, e.g., fat is more than eight times as resistant as muscle, 
making the direction of deep coagulation uncertain. 

The present tendency in electrosurgery is toward the use of cutting 
currents and away from massive coagulation as being unsurgical and 
dangerous. 
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CHAPTER TWENTY 
electrosurgical methods 
William L. Clark, M.D. 

The value of electrosurgical 

established. These methods are g ji^/curceon Owing to this fact 
use and are growing in herewith presented for the infor- 

an exposition of the newer units advantages and dis- 

mation of physicians not yet ^ n,ore usefnl elec- 

advantages. The present chapwr wdl den “ith > 

lion, and the high-frequency knife. 

Electrodesiccation and Electrocoagulation 

There is an impression among many ^one ^nd the 

electrodesiccation and .he effects produced on the 

same, This is an error, '’’“"’“'J' “ i,, readily demonstrated 

tissues are quite different, and ‘hese high-frequency current 

both dinicaliy and histoiogicaliy. W. . jJ^tively high voltage 
by which electrodesiccation is is 

andiow amperage, whereas 'he curre"t variability in 

produced is of lower voltage and b Bh” c„rrfnt to best advantage 
factors permits the surgeon to utilize the current lo 
in a wide range of neoplastic lesions. 

Electrodesiccation.— The ''*“'™'i'^‘^“y°"uency^utre^^^ the 
the application of one of the forms of hig q described 

tissues was first recognized by the writer in 1908 ‘ -Xn ta Sara- 

by him before the American Electrotherapeutic Assoc ation .n Sara 

toga Springs, N. Y., in 1910. U L'S 

malignant growths of small or moderate siz electrodesiccate 

the UizatL of heat of just sufficient mtensity to electrodeM^^^^^^ 

or dehydrate the tissues. The heat for the purp P 

monopolar high-frequency current of O ,,eel^Medle or other 
being conducted to the lesion by means of a stee needle or or 

pointed metallic applicator. Either a single o , P to be 

may be employed in the circuit, but it must be so “f 
subject to refined regulation. The proper current s'leng h necessary 
to destroy growths of different types and sizes can be learned best 
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from actual experience. The electrodesiccation effect may be pro- 
duced in the tissues either by delivering the current through a short 
air space to the growth to be treated, by touching the surface with 
the electrode without an air space intervening, or by inserting a needle 
electrode more or less deeply, the method of application depending 
upon the type of case under treatment, whether the affection is super- 
ficial or deep, and also upon the degree of tissue destruction desired. 



Fic. 3- — Early ba&al-cell epUbelioma of the face. 

tic. 4.~Rcsu1i of ■n'» ekcltodesiccatioQ operation; no recurrence after i8 JMts. 
patient still bving, ax' . years 
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Electrodesiccation 

TUeelectrodesiccaticn method 

advantageously when the eo„tracted cicatrix. It is subject 

ized, and when It IS desired t correct, an exceedingly small 

to such control that if the tannic f y seated mthout im- 

growth, even on the of discernible scar 

pairment of vision, or I**® ^ ^ likewise be destroyed 

Lue, A small growth ™ 'rLtovte^^uch a delicate structure 
without impairment of the ™ . y as accurately by electro- 

as a hair follicle may be destroyed “^ctrolysis needle, 

desiccation, if correctiy eraP'oy^' “ (o„„d to be most satisfac- 

- sarc^urring 

r'V 





Fig. s.-Etoi« biSGl-wll 'Pf 

outer canthus of eje. This patient bad rcce . , radiation treatment after that, 

x-tay. Temporary healing, but recurrence. - anesthesia. No 

Fig. 6.--EGd-wsul. ol »e r'««rr™™mo”n£. 
recurrence in three years; patient died of P 

upon cutaneous surfaces or "'^°^cter"wlde resection after 

is extensive and of a very ’ b a practice to be 

clectrodesiccation with the , can be employed advan- 

tecommended. Likewise, electrodesi . y j ,iie treatment 

tageously, with a good curative 'rva^iculosus and pig- 

of such benign lesions as ™ lupus vulgaris and 

mentosus; angiomas; tattoo localized infections, such as 

erythematosus; chronic varicose ulcer , palate; epulis; 

carbuncles; certain cases of exostosis, ^ endo- 

leukopiakia; P“P«'™^i.7'‘J^,o‘^as''lnd some other lesions. 

usedm alUhe above-mentionedJesmM 1 conditions might even 

to employ it in every such case, oonie 
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be a^ravated if the method is employed by one not experienced in its 
use Electrodesrccation is therefore bLt ori other meS from 


produced by a bipolar 

high-frequency current of the d'Arsonval type The terrn^dLhermy 
nitton d’Arsonval current. The defi^ 

the American Medical Association is as follows; “A term employed 
within'Se “f n high-frequency current to generate hLt 
he The frequency must be greater than 

oscill^tw frequency producing neuromuscular response. The 
«ni to f i' ^ no ranging from several hundred thou- 

lu™ ‘'u cycles per second. When such a current is 

rUfcMnrA ^ sufficient voltage and amperage, the 

intervening between the electrodes 
^ tissues. It was d’Arsonval who 
thrnim^ P^ssage of high-frcquency electricaJ currents 

n( mr.f j causes neither direct nor indirect contraction 

«f to become heated. NageUchmidt, 

apparently was the first to apply this property to 
^®f3peutic purposes, and to give it the name of 
«ni.. heating through.’ The rise in temperature depends not 

y on the amount of energy absorbed, but also on the efficiency of 
tSiperature^»^ carrying off the heat and maintaining normal 

^ ^ ti^tiUiple spark gap may be employed for electro- 

n.rSs hut a good multiple spark gap is preferred, since the 

stepped up" by its use. Tlie current producing electro- 
penetrating and intense in action than that pro- 
in ^ «cctrodesiccation effect; in accessible locations it is utilized 
ic larger tissue gromhs; it is also useful in cases where there 

is extensive bone involvement. 

ipany variations of technic in the application of the 
Thpc** method to suit the requirements of individual cases. 

tr, riArr^;* *^**°”® caonot very well be described with sufficient clarity 
Ipa^prf practice them without other study. They must be 

IxZTin IvsT experience as well as study if one expects to 

the elecirnslfr^^^’j^^^ tcchnic for the uncomplicated case of some of 
the rh-imAf operations will, however, be described later on in 

mation ^invi.« descriptions %viil guide the beginner, but the infor- 
rudimetxmry ’ reasons stated previously, must necessarily be 

phase of diathermy designated 
^ employed, the aim should be to 
y g th completely at a single operation. In lesions involv- 
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ing cutaneous surfaces, the devitalized tissue should, as a rule, be 
removed immediately, either by excision or curettage, which usually 
can be accomplished without hemorrhage. In some instances it is best 
to permit the electrodesiccated slough to separate naturally without 
curettage or excision. For example, it is best not to excise or curette 
an angioma after electrodesiccating it. The instrument used for exci- 
sion should, if possible, cut through the tissues already electrocoagu- 




Fic. 7 — Very advanced basal-cell 
epiCticlioma involving cheek, osseous 
structures, and parotid gland- Had 
tested x-ray treatment. 

Fig. 8 — Result of one electrocoagu- 
lation treatment under ether anesthesia. 
Note absence of contracted scar, with- 
out skin grafting; remarkable owing 
to the great extent of the disease; no 
recurrence in 15 years 
Flc. 9.-^howfng photograph of same 
patient taken iz years after treatment. 
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lated, and not through the viable tissues beyond it. If necessary, the 
base may then receive further electrodesiccation or electrocoagulation 
treatment. 

Excision or curettage immediately following electrodesiccation or 
electrocoagulation is practiced less frequently in lesions within the 
mouth, or on mucous membranes elsewhere, than upon the skin sur- 
face, owing to the greater possibility of secondary hemorrhage which 
is due to the maceration of the tissues by secretions, and also to the 
liquefaction necrosis caused by bacterial invasion. When excision or 
curettage following electrocoagulation is not practiced, the devitalized 



Fio. 10.— Advanced basal*cell epithelioma of the nose. 

Fig. II. — Showing result of one office electrodeaccation operation under local anesthesia. 
Fio. II.— Illustrating artificial nose: sculpture method of reconstruction. 



Fio. 13.— SquatnouS'Cell epithelioma of oosc. grade 3. 

Fio. 14. — Result of one eicctrodesiccation operation under local anesthesia. Note 
cosmetic result. 
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tissue is permitted to slough naturally, and to separate by degrees. 
The time which elapses before separation of the slough depends upon 
the character of the tissue destroyed, whether dense, loosely combined, 
friable, or necrotic, and also upon its anatomic location. It may take 
but two days in some cases for the slough to separate, and in other 
instances it may take as long as seven days. Bone or cartilage when 
subjected to electrodesiccation or electrocoagulation will sequestrate 
in from about six weeks to two months, depending upon the intensity 
and quality of the current employed for its devitalization. 



Fic. 15 — Basal-cell epitbelioma of the nose. 

Fic. 16. — ^After one eJcctrodesiccafion operation. Nole cosmetic result. 


Electrosurgical Methods and Irradiation 

Since electrosurgical methods, radium, and x-rays are so frequently 
employed together in the same case, one method cannot be properly 
discussed without also considering the others. In dealing with localized 
enign or malignant lesions, the superiority of these electrosurgical 
methods over irradiation is sho^vn by definite histologic changes, and 
y the critical comparison of clinical end-results. This may be ex- 
fh the fact that where electrosurgical methods are employed, 

6 diseased tissue only is destroyed, and the vitality of the sur- 
rounding normal structure is conserved. Subsequent treatments by 
0 ectrosurgery, should they be necessary, offer quite as good a pros- 
pect of success as though the tissues had not received previous treat- 
to this conservation of the vitality of the adjacent tissues. 
Ipfli 1^ hand, with irradiation of such intensity as to produce a 
effect upon the cells of malignant or other types of growths. 
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lated, and not through llic viable tissues beyond it. If necessary, the 
base may then receive further dectrocicslccation or electrocoagulation 
treatment. 

Excision or curettage immediately following electrodesiccation or 
electrocoagulation is practiced less frequently in lesions within the 
mouth, or on mucous membranes elsewhere, than upon the skin sur- 
face, owing to the greater possibility of secondary hemorrhage which 
is due to tile maceration of the tissues by secretions, and also to the 
liquefaction necrosis caused by bacterial invasion. When excision or 
curettage following electrocoagulation is not practiced, the devitalized 



Fio. to,— Advanced basal.ccll epithelioma of the nose. 

Fic. It.— ShoNUHR result of one office clcctrodcsiccation operation under local anesthesia. 
Ftc. la,— IllustralinR artificial nose: Kulplure method of rrconslructiun. 



Fig. 13.— Squaraous-cell epithelioma of nose, grade 3. 

Fic. 14— Result o( one elcctrodesccation operation under local anesthe^, Note 
cosmetic result. 
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Indications and Contraindications. — Owing to these resultant 
changes, irradiation should certainly not be used routinely in con- 
junction with electrodesiccation or electrocoagulation in distinctly 
localized benign or malignant lesions, with the exception of very 
malignant squamous-cell lesions (such as grades 3 and 4, according 
to Broders) when irradiation treatment in conjunction with electro- 
surgical methods should be considered for its lethal effect upon possi- 
ble outlying malignant cells, since there is a greater likelihood of 
the existence of such cells and of their recurrence in this more malig- 
nant type of lesion. However, after any treatment recurrences may 
not always be due to incomplete primary work, but rather to entirely 
new lesions occurring in soil favorable to their development. 

There are instances of advanced cases of malignancy in inaccessible 
locations in which electrodesiccation or electrocoagulation is not ap- 
plicable, owing to the involvement of vital structures and to the 
impossibility of doing complete work. Unless the lesion can be com^ 
pletcly removed well beyond into the normal tissue, clectrosurgical 
methods arc, as a rule, contraindicated. In exceptional cases a large 
necrotic mass of malignant tissue may be removed by electrosurgery, 
even though the work is known to be incomplete, to permit of the 
more satisfactory, immediate use of radium or x-rays. In such cases, 
irradiation, as the most important factor in treatment, is preferable 
to other alternatives. Jly experience has been such, however, that 
I feel strongly that electrosurgical methods, with the exceptions 
noted, should be employed alone in primary localized lesions, where 
It is possible to remove all the disease at one operation. 

Electrodesiccalion and electrocoagulation are both contraindicated, 
the exception noted, in extensive lesions that cannot be destroyed 
m their entirety mth one operation. If any of the disease is left, it will 
usually be stimulated to greater activity unless irradiation is immedi- 
ately employed thereafter. If vital structures are involved and the case 
IS inoperable, then irradiation treatment is preferred to electrosurgical 
or other methods. 

In addition to removal by electrosurgical methods of primary lesions 
of the very malignant squamous-cell or other types of growths, it is 
quite important, indeed it is necessary, to treat the lymphatic drain- 
age areas by radium or x-rays, or in some instances by a combination 
of both, to inhibit or destroy malignant cells migrating to the glands, 
or to destroy the pathologic element if true metastasis has already 
taken place. In some instances it is necessary to excise the involved 
^ands, by means of either the high-frequency knife or the cold scalpel. 

• especially true if the glands have broken down. Preoperative 
irradiation of the metastatic glands inhibits the proliferation of malig- 
nant cells; thus recurrence after removal is less to be feared. Post- 
operative irradiation at the site of the excised glands is also a practice 
ro be recommended. 
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it is impossible to avoid lowering the vitality of tlic surrounding 
normal tissue by producing nerve, tissue, and circulatory changes. 
This is true, at least to a certain degree. Therefore, in case of 
recurrence, little more can be hoped from further irradiation treat* 
ment, owing to the dccreiiscd radio sensitivity of the tissues and also 
to the resultant changes before mentioned. These are facts well knou-n 
to experienced radiologists and other close observers. 



FuJ. 19. — Squamous-cell epiiheUoma o{ the lower lip, grade J. 

Fio. JO. — Rf'ull of one ofSce electrodeaccation operation and radium treatment 
neck. Note abs,,r e of contracted scar, and ttgeneration of normal tissue. 





Electrosurgery and Irradiation voinmeii] H 

As before stated, electrodesiccation and electrocoagulation are 
adapted to the treatment of benign and malignant growths of the 
skin and accessible mucous membranes that are limited in extent 
and do not involve vital structures. These methods are therefore 
peculiarly adapted to the treatment of neoplasms involving cutaneous 
surfaces, as well as lesions occurring in accessible mucous membranes, 
such as are found in any part of the oral cavity and adjacent parts 
on the lip, jaw, nose, throat, tongue, larynx, eye, sinuses, orbit, par- 




Fio. 25. — Extensive basal-cell epithelioma involving whole ol upper lip, antrum, nose, 
septum, alveolus, and hard palate. Recurrence after excision, radium, x-ray, and serum 
treatment. 

Fig. j6. — Result of one electrocoagulation operation. No recurrence in 15 years. 

Fig. 27. — Features constructed by sculpture method and attached to spectacle frames. 


otid gland, ear, etc. Likewise, they may be employed advantageously 
tn growths of the bladder, the operator working through an oper- 
ating cystoscope, or Ihrou^ a suprapubic opening; also growths of 
the vagina, urethra, uterine cervix, and the rectum may be treated 
oy this method. Recent experience has shotvn that the high-frequency 
t^ay be effectively employed for the removal of growths of 
the abdominal serous membranes. 

oince malignant lesions of mucous membranes are prone to be 
there active than those occurring on the skin, the efficiency of electro- 
esiccalion and electrocoagulation is in some instances increased by 
aA''^*^^thatioii of the high-frequen(y knife, the cold scalpel, radium 
x*rays. The basal-cell type of epithelioma, occurring, for example. 
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FlC. Ji.— Squamous-cell epithelioma ot lip. 

Ftc. )].— Kesull o( one electrotlcslccation oitcralion. 







The choice between local or general anesthesia in a given case is a 
matter of the personal judgment of the operator, although it might 
be stated that much of this work can be done under local anesthesia. 
It seems advisable that ether be removed from the room during 
electrosurgical operations, the operation being performed while the 
patient is coming out of ether. Dr. Mock states that he covers the 
ether mask with a wet flannel blanket during electrosurgical thyroid 
operations. He further adds, “Ethylene should never be used when 
electrosurgery is employed.” 



Fic. 29. — Squamous-ceU epUbetioioa ot floor ot mouth and alveolus, grade 4. 

Flo. 30. — Result of one elcctrodesiccation operation and radium to lymph nodes. No 
recurrence in 8 years. 

Effects of Electrodesiccation and Electrocoagulation. — In 
^^dition to the electrodesiccation or electrocoagulation effect on the 
affected tissues, and to the sealing of blood and lymph channels, the 
heat penetrates beyond the area actually destroyed and devitalizes 
nialignant cells for a considerable distance beyond, without perma* 
aently impairing the normal tissues, thus lessening the likelihood of 
iwal recurrence or metastasis, and conserving the maximum amount 
of normal tissue. It is, however, difficult or impossible to determine 
y any means now at our command exactly how far this heat pene- 
rates in a given case, and the depth to which the malignant cells are 
destroyed. 

Malignant cells, especially those that are least differentiated, are 

ore vulnerable to heat and are devitalized at a lower degree of heat 
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low-grade raali>mcy^\a'ld'5hOTKMh^ relatively 

as to area ai.d depth even IhS e^ f • "'?"? “'<t"sive both 

they may be so elTcctivcIy treated by tile ‘"™''’™™t, 

coagulation methods that recurrence^ ^ r ''‘^‘^•re- 
operations arc properly performed '"frequent, provided the 

facJl ™ 

in type, the resuits arc almost but vet nnt ' n ^ malignant 

cell lesions, the results depending^' a grcM exte®nt“‘'up“n"th/S: 



advanced rodent*'u|^^in™i.^” 'IcctrocoaRuIation operation for removal of a 
ethmoids. frontal sinuses, and left orbit *'P' 

ered and lived for three years after the operation” >'et the paUcnl recov- 


strated b^the trained ^^fferentialion can be demon- 
in ceils has proved a. of differentiation 

cases, radium or x.nv=^ uable ^ide in planning treatment. In such 
electrodesiccation and^elp?t°^ ^ he used locally in combinaU'on with 
onic in character cells are embry- 

treatment. On the slight resistance to irradiation 

they show creater rpc.-o* when differentiation has progressed 

dosage must be inerLsS^^’ obtain good results the 

growth is no longer locqli^pH^ overcome this resistance. When the 
emphasized that otb^r metastasis has occurred, it is again 

trosurgical methods must also be used in addition to elec- 
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ated cells is also well established. This properly of heal penetration 
should not, however, influence the operator to do incomplete work, 
for it cannot be relied upon entirely in all instances to destroy deeply 
located malignant cells. It Is safer to err on the safe side by perform- 
ing radical operations when one has to deal mth malignancy. The 
sealing of blood and lymph channels and the prevention of dissemina- 
tion of malignant cells should be an advantage, and might conceivably 
aid in preventing local recurrence and metastasis. The frequent im- 
mediate relief from pain after operation is worthy of note. There is 
no field of surgical specialization in which electrosurgical methods can- 
not be employed to advantage in some cases. 



FiC- 34“-niustratmg a case of cptJis. Elecirodcsiccation b a successful method of treat- 
ment, conserving the maximum of normal structure. 

Apparatus and Operator. — High-frequency apparatus, as devised 
by different manufacturers, vary greatly in construction, hence there 
IS a corresponding variation in the quality of the currents produced. 
The thermic intensity may be too great or too little, and an undesir- 
able faradic effect producing shock and contraction of the tissues is 
to be expected when the improperly constructed machines are used. 
This lack of standardization is unfortunate, since in order to produce 
the electrodesiccation and electrocoagulation effects under ideal condi- 
tions an accurate balance must be obtained between the voltage and 
the amperage, and also between the capacity, inductance, and resist- 
ance. Thus, different operators employing various types of apparatus 
‘^^tain different results. Indifferent results can be obtained, or, 
indeed, irreparable damage can be done by an operator not possessing 
practical knowledge of the various factors involved. This notation 
seems appropriate and most important, since a considerable number 
t come under observation that have been improperly 

reated by electrodesiccation and electrocoagulation; thus an errone- 
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than arc normal cells. This seems (o have been demonstrated by the 
experimental work of Doyen and others and it has been borne out by 
my own practical experience. The thermic sensitiveness of these cells 
to the action of the high-frequency current lias often been observed 
clinically and tlcmonstratcd histologically. Likewise, the greater sensi- 
tivity to radium and x-rays of embryonic cells than of well-differenti- 



Fjc. 3:.— Showing t)i)ical mult of one electrocoagulation operation for extensive 
squamous-ccU carcinoma of antrum, bard palate, and alveolus. 

Fio. 3ar-Showing properly fitting denture to fill up space, insuring Improved speech, 
mastication, and greater cleanliness. 



Fio. 33. — Illustrating a case in which an electrocoagulation operation was P* , 
to remove extensive carcinoma of the antrum after surgical exposure through an e 
opening. The hard palate and alveolus were not involved with disease. 
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ous impression has been made on the minds of those seeking authentic 
knowledge concerning the methods. Moreover, electrosurgical methods 
tan be ptacUted with a maximuKV degree of satisfaction only by those 
who have had ample surgical training and experience. These methods 
should not be considered as something distinct and apart, or as a 
specialization, but rather as a valuable adjunct to the surgeon trained 
in surgical judgment and technic, and with sufficient operative ex- 
perience. 

General Technical Considerations. — ^There are many variations 
in the technic of electrodesiccation and electrocoagulation to meet 
various indications. The technic cannot be completely described; it 



FiC. 39-— Showing a case of adamantinoma, associated, as is usual, with bone cysts. 

Electrocoagulation is a successful method of treatment. 

must be learned by studying the technic of a capable operator and then 
further perfected by practice upon raw meat and laboratory animals 
before human subjects are treated. I desire to impress the fact that the 
technic of electrodesiccation and electrocoagulation is not simple, nor 
should the ^york be undertaken lightly. Much good can be done by 
using them judiciously, and perhaps considerable damage can result 
from their improper u.se, even in the hands of otherwise accomplished 
surgeons. Thorough preparation should therefore be made before 
engaging in what might possibly be a hazardous procedure. While 
ose who employ electrosurgical methods judiciously have reason to 
tb fhey should not grow so enthusiastic as not to realize 

c fj of these methods, for they do have limitations. The 

0 u scalpel, hemostats, and sutures cannot by any means be discarded 
rom use in general surgery. 
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Each case should be regarded as a law unto itself, and after full 
advantage has been taken of our superior present-day laboratory and 
other facilities, should be studied, intelligently and judicially, before 
a decision regarding the proper method, or combination of methods, 
is reached in a given case. 

Group Practice. — Since it is well-nigh impossible for one man to 
become thoroughly proficient in the expert application of all measures 
hitherto mentioned, group practice is perhaps the best solution of 
the difficulty. If one is not in a position to employ all recognized 
methods and adjuncts, either by oneself or in group practice, one 
should not attempt to treat cancer, except, perhaps, in selected cases. 



Hemorrhage.- — ^\Vhen electrodesiccation or electrocoagulation is 
Correctly employed, hemorrhage during, or immediately after, the 
operation is not likely to occur. Secondary hemorrhage may possibly 
occur several days later at the time of separation of the slough, when 
he larger vessels have been electrodesiccated or electrocoagulated 
through. Usually, however, organization has taken place by the time 
he Mough separates and the terminal ends of the vessels have throm- 
osed, thus preventing hemorrhage. This, however, cannot always be 
upon. This risk, when such a possibility appears to exist, 
snould be obviated by preliminary ligation of the involved blood 
vessels, if it is practical to do so in a given case. This is especially 
rue when the electrodesiccation or electrocoagulation method is em- 
P oyed, in which case sutures are not used and the wounds must heal 
y granulation. \\Tien the high-frequency knife is employed, the larger 
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Operators should therefore be trained to know when other methods 
are indicated in preference lo electrosurgical methods, and also when 
other methods should be used in conjunction with them. Contrariwise 
they should not employ cold scalpel surgery when electrosurgical 
methods can be employed to better advantage. We should not lose 
sight of the respective value of the cold scalpel, the high-frequency 
knife, radium, and x-rays, especially in cancer work, each having a 
place in modern practice. Electrosurgical methods cannot be practiced 
to full advantage without according to the other methods full and 
equal consideration. Elcclrosurgery is but one, though a valuable, unit 
in the progressive surgeon’s aniinmcntarium. 


Fjc. 40.— Exlcnsivc squamous-ccll epl* 
thclioma of tongue and floor of mouth, 
ende 2. 

Ftc. 4t«— Appearance after amputation 
of toncuc by the cleeirocoaRulation 
tnelhod and radtum treatment to lynt- 
|>hatic drainage areas In neck. 

Fjc. 42. — Shoxving artificial tongue 
made of cotton, thus materially improv- 
ing ^pcccli. 
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of the high-frequency knife. Some surgeons of experience who have 
weighed both methods in the balance prefer the latter method. 

May I stress the important fact that the use of the electrodesicca- 
tion or electrocoagulation method of treatment will frequently reclaim 
cancer cases that would have been quite hopeless were these methods 
not available. 

Histologic Studies. — The microscopic picture of neoplastic tissue 
submitted to electrodesiccation presents typical characteristics. While 
the cells still retain their outline, they appear shrunken, elongated, 
and dried up. Evidence of such degenerative changes as hydropic 
or fatty degeneration is not discernible. The blood vessels in the 
immediate and adjacent field of operation are thrombosed. 



a case of advanced squamous-cell carcino — , „ „ 

® mvoUing the alveolus, floor of mouth, and tongue, with metastasis to the 

® Much of the cheek and diseased parts in other locations removed by 
irocoagulation, lower jaw resected, and radium Used interstitially in the glands. After 
recurrence, a plastic operation was performed, utilizing a flap from the 
west. No recurrence in 15 years. 

In tissue subject to coagulation there is complete loss of cell out- 
line. The neoplastic cell element seems to have fused into a struc- 
Th ^^^’^Seneous mass, with a resulting hyalinized appearance, 
ne Wood and lymph channels are thrombosed. The secondary and 
changes in all such lesions are degeneration and fibrosis, 
nether the fibrous and connective tissue shall be abundant and 
ense, or less abundant and soft, is influenced by the amount and 
it? accompanying degenerative and necrotic material, which 

, determined by the particular type of irritant. Thus, after 

^j“°9^‘ccation the fibrosis is sli^t, and the resulting scar is soft 
or 1 ^ I^ollowing electrocoagulation the fibrosis \viU be more 

®°nndant, the amount depending on the intensity of the heat 
6 crated and the consequent degree of frame destruction. 
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— Methods 
vessels should always be liffatcd an/I jIia • • • 
sutunng; the wounds are then e»ectJd 
Dtsappointment in this has, howvw snmii" ^ intention, 

for the most part upon the deaterhv m,d (h„ depending 

in the use of a new method and instramcnts.'’*’’'^"‘^'’“ 

lignancy, wh^Vpatienl’^lS^fe mouth and throat ma- 
owtng to h.s inability to ingest the^propi”r am^olfand^ q:X"“ 





to make possible a Properly'^fiUioc^ffcni**'^^ sometimes should be removed 

dcal for the removal of this lelSf Eicctrodesiccatioa is 

15 mmimized. ‘he danger of breaking through into the antrum 


preliminary castrostomv eh “asal passage is impractical, a 

through a tube until ^ performed and the patient fed 

proposed operation. It Jq Physical condition to withstand the 
physically after resortintr f how some patients improve 

A gastrostomy can reaHiKn^k^^ j rational expediency of gastrostomy, 
opening in the stomnrh u “nder local anesthesia, and the 
purpose. It is likewise Dniripnf^^ closed after it has served its useful 
a colostomy before affimr,/- ^ of instances to perform 

There a?e nurJierour/Sh^ of cancer of the rectum, 

the combination of the mid ^'^“rastances frequently met wherein 
can be employed (o advanti^^'c electrosurgery 

colostomy may be . operations as gastrostomy and 

d either by the cold scalpel or by means 
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shorter operations, the decrease in trauma, and tne greater possibility 
of sterilization ace the chief advantages of the method. 

At a conference on electrosurgery during the meeting of the Amer- 
ican College of Physicians in Philadelphia, October, 1930, Dr. Howard 
A. Kelly spoke upon the subject of electrosurgery in part as follows: 
In brief summary, some of the conditions with which we deal are: 
Various malignancies about face, lips, mouth, tongue, fauces. 

For carbuncles it renders signal services in exsecting the diseased area, 
leaving a clean, sound, aseptic, rapidly healing wound; in fact, it undoubtedly 
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when employed with correct technic are ne!h,n ?i‘^ electrocoagulation 
methods yet designed for the treitmenPn? !^ r'° 1’“^ satisfactory 
allied lesions of the sk n and neoplastic and 

the high-frequency kM^:. rfdiuTand 

indispensable in their resTwiiw valuable and 

be used advantageou^y ■^^'^mbtadon 

electrocoagulation, each method complementhit' ^^0^“""°" 



anterior nares ant^rnl^flooe 7-^:1^'** *? MpoM mailimant disease of the upper jaw, 
tilcctrocoagulalion, ofbit and bucca] surface preliminary to traatmeat by 


High-Frequency Knife 

so to regulat^^the^ c'an-IrTf”^ high-frequcncy currents, it is possible 
degrees of damoinfr inductance, and resistance, wth variable 

suitable electrode miit^ Permit cutting through the tissues with a 
bistoury; moreover /h^ ^ accurately and as cleanly as by the cold 
the opportunitv nf « ^ wounds will heal by first intention. I had 
facturers upon^ one reporting to the manu- 

designed for thi? x^’n,X u practical machines and instruments 
practical use. Dr f/^nr before it was adopted for 

these studies, first callS following up 

the perfected cutting r,,P medical profession to 

Section of the New Yor^S^^S Surgical 

April. 1924. Schmidt Society in Rochester, N. Y., 

others later contributed j*'**Y^'*shing, Mock, Trowbridge, and 
Surgeons throuchonf th« toward the development of this metliod. 
surgery, includtag abdominal 1 .““'U ™P'°y‘"8 h >" ™j“‘’ 

urinary, nose and*^ throat e™’ ‘ *“''1101, thyroid, gynecologic, genito- 
case of neopla- 1 diseaJ™ sucgcry, especially in the 

s. The minimized primary hemorrhage, the 
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sulaling tissues by coagulation. In the spinal cord it is easy to prognosticate 
a use in all lesions where it is simply necessary to divide a nerve trunk or to 
destroy benign or malignant growths in situ without the usual protracted 
manipulations for exposure and removal with the attendant traumatisms. 

In all these operations, it is advisable to maintain the careful technic of 
the operating room in major and minor surgery. This should be done for our 
own sakes and in no wise to impress the patient. How far we may safely 
modify our stringent technic will appear only after considerable experience. 

In closing, I feel profoundly thankful that our honorable society, composed 
as it is of our leading surgeons, is seriously taking this matter in hand. 
Personally, I give thanks for such a new and potent adjuvant, which sim- 
plifies our technic, speeds the operation, does many things better, and some 
things heretofore impossible, while it greatly lessens pain and the liability to 
subsequent infections. [5urg. Gyitec. Obsl., p. 503 (Feb. 15) 1931.] 

Dr. Oscar E. Nadeau, Chicago, 111 ., summarizes his experience as 
follows: “The electrosurgical unit in its present state of development 
is a distinct advantage in modern surgical technic. New indications 
are found every day. It is a new method, the details of which must be 
thoroughly familiar, not only to the surgeon, but to the entire staff 
of assistants and nurses.” [Surg. Gynec. Obst., p. 511 (Feb.) 1931.] 

_ Dr. Howard Lillienthal, of New York City, at the conference men- 
tioned drew from his experience the following conclusions: 

I. The electric method under discussion promises to be a great aid in 
general surgery. 

s. The tendency to wound infection is greatly reduced. 

3- Hemostasis is quick and sure. In my small series of cases there has 
been no secondary bleeding. 

4- Healing has been normal in rate and in firmness. The time is too 
short to form conclusions as to keloid. Thus far I have not observed this 
condition, 

5 - UTien local anesthetics were employed, my impression is that there 
may have been electric subjective reactions of pain, and that the pain or 
mscomfort was more than when the scalpel was used. On dividing muscle, 

has been more twitching than is ordinarily seen on knife section. 

( Switching is caused by faradism due to improper windings in apparatus. — 
W. L. Clark.) 

The apparatus must be properly managed. Its liability to get out of 
^er, or to diminution in functioning power, may have to be considered. 
Anus far I have not noted deterioration of this kind. It seems to me that the 
electric method is extremely valuable in general surgery, and that the wounds 
are more likely to be aseptic than those in which the scalpel is used. 

in this discussion I have not dealt with the technical part of electro- 
There is danger of producing accidental burns by contact of 

c electrode with metallic bodies in the wound, such as metal retractors or 
ar ery damps. I believe that the principal use of the new method in 
surgery will be for making incisions in the soft parts, including the 
and of course, in the removal of lesions outside the body cavity. 
L ® of electrode on the tissues seems to be that of intense heat, 
the intensity is so great that with the cutting motion there is rapid 
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lions of elcctrosurgSl-^ ’ ^ ''’= ““ “s<^c- 

ulce?aled"n',^!vfl^ir “ ‘f “Pf^-^ioHy in the presence of nodular, 

0 TsuccKSrr^ r f of a hope 

patlon of (he Tr T'.'‘“'*.- electrosurgical exlir- 

and the disrfnrf»/*« pfovcs of mcstimablc value in slopping the pain 

Snder of f'r" “ '" '^‘"8 PO“f ''ictim of the unsightly re- 

Xn therein- approaching. Nor need one ahvays hesitate Ln 
£ removed areas o?r s'ands. After the main mass 

enceXd ehmlf ' ‘'."Senng di^ can often be coagulated out of exist- 
cSrrent di Sh"" ""• <■''« “'^0 '>'avy Hashing 

XrS mSlTsi? f '} 1“ absorbed. Some patients in this group 

instances recurren relief than others do for a radical cure. In many 

snSnl M “• "'T anJ "hen the patient is old, it be- 

^ 1".% “.^1" *“ '"‘f apparently cured, 

can SX S„'n°“ abdomen offer a fertile field for clectrosurgety. We 
^all implants faster than it can be stated. 

Xs^E J f [‘^'"oa’a are readily destroyed and left where found, while 
dirorieE„^S^ r ° 'a<etmal tract can be widely destroyed even 

suS X af and abandoned after turning it in and 

foEi„,„r “.""P'' laanhert sutures. In resecting the bowel 

terie vpwel finds an affected gland in the fork of a large mesen- 

existenee operation, it can be wiped out of 

hv ffnsnir, ^ It and coagulating the whole gland, if needs be, 

fingers to limit the transmission of the heat, 
nnv fn ^ 1 V disease should always be removed by electrosurgery and 

any inguinal glands sparked out of e-xistence. 

kidney. Ward and Pearse have resected 
Hvssr * 1 , 0 ° organs with a marked lessening of the hemorrhage. In the 
Tn nssrvi, practically no bleeding during excision of a complete lobe, 

nf fJnsfieM P^i'tial nqibrectomy, in spite of the large arterial supply 

fiiio tves* '^'as markedly diminished in the peripheral areas. In 

nm.Ttt.t5® c ?P t Polvis, the larger vessels required clamping and co- 
fS vri into the clinical field, removing portions of 

the kidney for tumors and stone. 

opening up a large field in brain work as it will in 
iht* tyrA-itAcf^^T^*^' brain, as sho^vn by Cushing, electrosurgery is of 

an aKS “P '"'"“Ses. in making a safe passage to 

enlarges the fi ^ effective handling of hemorrhage. It also 

the flfceae*. • . control ovcr malignancy, simplifying the removal of 

the disease m sterilized "curls" and in the further LatmLt of the eucap- 
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tends, perhaps, to prolong solid union. This is, of course, not necessarily 
the fault of the electric technic, for slow healing in fat subjects is never 
surprising. Broad approximation of wound surfaces and an interval of a 
day or two longer before removing sutures are advised. 

The electric scalpel cuts so keenly and with so little pressure on the 
tissues that great care must he taken not to go deeper than is intended. 
For example, in dividing the abdominal wall the peritoneum should be 
entered in the usual way with knife or scissors for fear of injuring the 
viscera by the current. In the region of large vessels or of important nerves, 
the greatest delicacy of manipulation must be observed. 



Fio. 53.^i,atge round-cell sarcoma involving face, antrum, malar bone, floor of orbil, 
and ethmoid sinuses, as well as tissues within the orbit. 

Fic. 54. — Showing result of one radical electrocoagulation operation inclut^ng exenter- 
ation of orbit. (No other method could possibly have produced such a result.) 

The outstanding features of electrosurgery are the saving of time, the 
assurance of asepsis, and the r^uction of what may be called 
the massage effect, so dangerous in operating through infected or neoplastic 
structures. [5Mrg. Cynec. Obst., p. 513 (Feb.) 1931. J 

Dr. Edward L. Keyes, of New York City, spoke conservatively, 
though in the main favorably, of electrosurgical methods for certain 
opwations in the genito-urinary field. 

Dr. John D. Ellis, of Chicago, in his paper, “The Healing of Elec- 
trosurgical Knife Wounds,” summarizes as follows: 

}•. Daly 60 per cent of electrocutting skin wounds in dogs where the 
™nimufn of current was used healed by primary intention, as compared 
° 97-5 per cent of scalpel wounds. 

2. This 60 per cent which healed did not present a tensile strength 
to the scalpel wounds for 21 days. 
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linear ciisinlcgralion of tissue tvith minimum charring or coaculalion A 
rau cry blade of the ordinary type loses its lical by contact with^thf tissues 
so that coagulation is more massive and the knife st cks to the sut' 
ace of the wound. With the electric scalpel, on the contrary, the wound 
IS clean cut, and e.\ccpt for the absence of bleeding, its edges in skin in- 
cisrons resemble those made with the sharp knife. 

Skin, fat, .and muscle arc divided without apparent effort by the operator, 

more owJv be LtionTd,Tut 

wh^h^T 9'''’'"“"^ '5 practically absent. With the rapid cur- 

rent which t have used in my operations, there is bleeding from many 



epilhtlionia of the rojtnt ulcer type, involms the 
, t 0 nbs, anti at one point extending almost through to the peritoneum. 


Fic. sa.— Result of one elcctrocoacublion operation under ether anesthesia. No rccur- 
No Other method but electrocoagulation could haMJ accomplished such 


rence in 6 years. No 
a good result. 


of the smaller as well as the larger vessels when they are divided, but 
tftis depends, of course, on other things than the mere division of the vessel, 
' n’ ® of the blood atid the elasticity of the vascular walls, as 

^‘^‘■ostatic pressure in their lumen. All bleeding points are 
aught with forceps, ^\^lether a vessel needs to be ligated, or whether it 
^ sealed by touching the clamp with the coagulating 
crmii I determined only by experience. ... As a rule, however, 

•knnnoinr, vcsscl which has been sealed should not bleed on lightly 

in nrHin^r,, "'^und. If there is any doubt, ligation should be done as 
indivirlmm, surgical procedure. In tiny event, I believe it is safest to deal 
of sunnnrctTt''^* ^ 'vounds of the vessels. Secondary hemorrhage in the absence 
than ^?ftAr likely to occur after an electrically made wound 

eralizp for. ^ confess to insufficient e.xperience to gen- 

wounds ^ matter, although in some of my cases the 

lion trtninr-., cxtensIve. When there has been neat approxma- 

in ihi confidently expected. I feel, however, that 

ica y produced wound the presence of a thick adipose layer 
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I. Rapid and complete severance of the tissues, whether for removal 
or simple incision through normal or abnormal structures. The rate of speed 
in handling the electrode, together with the power control, governs the de- 
gree of dehydration and the electrocoagulation of the severed surfaces, and 
hence controls or checks the bleeding or oozing from capillaries and also 
seals the lymph vessels, thus giving a clear operative field. Such a clear 
operative field favors an easier and quicker operative technic, together with 
the elimination of the obstructive hemostatic forceps and the constant 
and bothersome use of gauze sponging, thus reducing the time limit of an 
operation — major or minor — ^to a minimum. WTiile the smaller blood vessels 
are thus controlled by the dehydration of the cutting electrode, the larger 
vessels should invariably be ligated as a procedure of safety. 



Fic. S7-— Basal-cell epithelioma lovoKinjr upper and lower ejelids, canthus, and 
conjunctiva. 

58. — Sboning a typical result of the clectrodesiccation removal of such lesions. 
1 have personally treated o\er 300 cases of epithelioma of the eyelids and canthi, and 
my experience indicates the great value of the electrodesiccation method in these lesions. 


2. The facility of using the electrosurgical knife is acquired only by 
thorough study of the manipulation, and strict attention to the principles 
governing the use of the same upon living tissues of the human body after 
multifold experimentation upon a nonviable subject. 

tn so using the electrosurgical knife, it has been the custom of the 
WTiter to entrust the management of the foot switch — which lets on or re- 
eases the current — to the trained assistant operating nurse, who at the 
announ^ment of “on” or "off” controls the current. This feature cannot be 
emphasized too strongly, inasmuch as the operator should give his sole 
technic of the operation and not be disconcerted by the use 
rl> on the switch^ then, too, the operator can then be free to 

nange his position as the exigencies of the operation demand, 
thp never be allowed to use the electrosurgical knife on 

ne living human body, nor should any surgeon attempt to use it without 
previous close study of its applicability and manipulation. 
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3 . Incisions of the stomach anil muscle with the electric knife present 
a much more satisfactory percentage of union ami strength of cicatrization 
comparable to the woumis with the scalpel, except that the elcctroculling 
wounds of the stomach were notably weaker at the midpoint of healing, 

Dr. A. C. Scott, Temple, Texas, in his paper, “Elcctrosurgery in the 
Treatment of Malignant Disease,” stated, “Observation in the use 
of the loop cautery knife in more than 1,500 operations for malig- 
nancy leaves us with no other alternative than the conclusion that 
at present it is the safest and most dependable means of eliminating 
local recurrence of malignancy after major surgical removal.” 



Fic. 55,— Estensivc ba»t>ccU epUheUoma involving Ibt tye, all tissues in lie orbit, 
bone, no$c, and tissues surrounding the orbit. 

Fic. 56.— Result of removal of diseased tissue, including complete exenteration of 
orbit by the coagulation method. 


Other papers by Dr. H. F. Pierce, Ph. D,, Baltimore, Md., Dr. A- B. 
MacLean, Baltimore, Md., and Dr. Bowman C. Crowell, Chicago, 111*, 
commented favorably upon the possibilities of the high-frequency 
knife in general surgery. , . , 

The following has been contributed by Dr. Edward H. Trowbridge, 
A.M., M.D., F.A.C.S., of Worcester, Mass.: 

In the employment of any special instrument or apparatus in surgery, 
certain prerequisites are obvious. 

A. General applicability. > 

During the past three years the electrosurgical knife has been use 

in all operative cases in the Harvard Private Hospital, Worcester, 
whether major or minor in character, such as incisions through the abdomin 
wall, cholecystectomy, appendectomy, cystotomy, abdominal hysterectomy 
(supravaginal and complete), cesatem section, amputation of cervix. 

B. The various features of the electrosurgical knife are as follows: 
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ceps, which would obscure the field and retard the progress of the operation, 
was eliminated, and a more rapid operation performed, as time was an im- 
portant element. The writer is an ardent advocate of the electrosurgical 
knife. 

Neoplasms of Face, Nose, Eyelids, Ears, and Cutaneous 
Surfaces Generally 

Neoplasms of the face, nose, eyelids, ears, etc., whether benign or 
malignant, require a method which will insure a good cosmetic result, 
without sacrificing thoroughness of removal. Unless the lesion is very 
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The advantages in the use of such an elcctrosurgical knife arc readily 
comprehended as when employed In the removal of the gallbladder, and 
likewise in pelvic surgery, where the structures to be removed arc so deeply 
situated, and, at times, so difficult to manipulate. 

3. The healing of the tissues. 

Primary healing is Invariably obtained, and the ideal line of union is the 
pleasing result. This result, however, may not be achieved if the tissues be 
subjected to a too extensive dehydration of the cut surfaces, and a slight or 
somewhat enlarged slough be caused, and healing be thus retarded. Such 
a condition did occur in the experience of the writer in doing a cystotomy 
for the removal of two large calculi on a person with thick abdominal wall. 
This case was among those first operated upon with the use of the knife, 
but no such experience has occurred since that time. 



Fig. 59. — Showing a recurrence alter surgical cscuion of a small round-cell sarcoma 
of the lo\\cr eyelid. 

Fjc. 60. — Again illustrating the result of one cleclrodesiccation operation w-ilhout 
cicalncial contracture, and regeneration of norma) tissue. Patient can close eyelids, ana 
vision is not impaired. Thb case was followed for eight years and no recurrence was 
observed. 


4. After-results. Very little or no opiate at all is required postoperatively. 
Drainage in less amount — drainage tube removed within shorter interval 
(two to four days). 

Case of complete hysterectomy on January 2, 1932, age 70 » operation 
refused for over two years; relief demanded by patient. The electrosurgicid 
knife used in opening the abdomen and in severing the broad and round 
ligaments and in severing the cervix from the vaginal junction; a boggy 
uterus, size of grapefruit exposed wth two fibroids size of English walnut 
on either side of uterus just above cervix. The uterus was so rotten at 
the cervical junction that the tissues were easily torn when traction was 
made, and hence the necessity of removing the uterus as in supravaginal 
technic and then the cervix subsequently. 

In all this procedure the minimum amount of blood was lost; such a 
favorable resul'. however, could not have been possible had the ordinary 
scalpel been used. Then, too, the necessity of using several hemostatic for- 
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ceps, which would obscure the field and retard the progress of the operation, 
was eliminated, and a more rapid operation performed, as time was an im- 
portant element. The writer is an ardent advocate of the electrosurgical 
knife. 


Neoplasms of Face, Nose, Eyelids, Ears, and Cutaneous 
Surfaces Generally 

Neoplasms of the face, nose, eyelids, ears, etc., whether benign or 
malignant, require a method which will insure a good cosmetic result, 
without sacrificing thoroughness of removal. Unless the lesion is very 



Fio. 6 i. — Melanotic sarcoma involving the orbit, ethmoidal and frontal sinuses. 
Fic. 62 . — Result of one electrocoagulation operation. 

Fig. 6i. — Showing artificial eye and brow by the sculpture method. 
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extensive, the clcctrodcslccation method admirably fulfils these re- 
quirements. Given a case of epithelioma of moderate size on the face 
or other locations mentioned, requiring complete removal, the technic 
of an elcctrodesiccation operation is bricily described as follows: 

Technic. — ^The patient should lie in a convenient position on an 
operating table. Preliminary cleansing and sterilization of the operative 
field is first practiced as in any surgical operation. Novocaine (i per 
cent) anesthesia by infiltration well beyond the lesion has been found 



Fig. G6. — Congenital cavernous angioma of (be orbit. 

Fic. 67.— Showing complete exenteration of the orbit by coagulation. Eyelid was 
di\idcd and dissected back so as not to be injured by tbe current. 



Fig. 68. — Lids after suturing, before patient came out of ether. 

Fic. 69.— Ultimate result, with conservation of eyelids. An artificial eye is under 
consideration. 
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to be quite satisfactory. After the current is regulated to the proper 
inlensily as hitherto described, it is passed through a sharp sewing 
needle, held in a suitable handle, of which there are several types 
available for the purpose on the market. Owing to the relatively 
b'gh voltage of the current producing the electrodesiccation, it is not 
necessary to employ an indifferent electrode anywhere on the patient’s 
body to complete the circuit. The current is carried to the ground, thus 
sufficiently completing the circuit through the patient’s body. 

The growth is then electrodesiccalcd through its area and depth 
(according to the general technic described under the heading 



Ro. 70. — Glioma of the retina. Recurrence after regular surgical removal. In five 
eeks It had recurred and progressed so rapidly that the growth measured 2? inches in 
oxcumference. 03 

1 — The outside lesion as well as the disease in the orbit was remo\xd by the 

ectrocoagulation method. No recurrence in 9 months, when the child died of another 
the character of which was not determined. 

Electrodesiccation), after first systematically cutting off the blood 
"’ilh the current in the normal tissues well beyond the disease, 
If It be malignant. This preliminary practice is designated by Kelly as 
circumvallation.” After the lesion has been thoroughly devitalized, it 
may be curetted away if soft and friable, or excised by scissors, cold 
scalpel or the high-frequency knife if dense and firm. The cutting, 
onever, should be done through the electrodesiccated tissue if pos- 
1 le, and not beyond it into the healthy tissue. There should be no 
primary hemorrhage, and indeed, no secondary hemorrhage, unless 
1 ^'^jyj^rrge vessel has been electrodesiccated through. Precautions 
ould be observed to obviate this possibility as hitherto described, 
e wound is dressed according to classical surgical rules, the remain- 
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ing slough is removed when separation takes place, and healing may 
be expected to progress rapidly. The curative and cosmetic results in 
a great variety of neoplastic lesions on the face and adjacent narts 
are superior to other methods designed for the purpose. 


Neoplasms of Lips, Oral Cavity, Jaws, Orbit, and Sinuses 

Electrodesiccation and electrocoagulation arc adapted for minor 
operations and also for the radical removal of benign and malignant 
growths in these locations. The advantages of these methods, accord- 



Fic. 7J. — Shouin^ a case of squamous-cell eaxemoma of the vocal cords, treated by 
ciectrodcsiccation by direct vision (hrouch a lao'n{:o>ony opening. Radium treatment 
was also given from the outside. No recurrence in lo years. A simibr result was obtained 
m two other such cases. 


ing to my experience, are the comparative freedom from hemorrhage 
in otherwise^ sanguinary operations, the conservation of the maximum 
amount of tissue, the ease of devitalization and removal of bone even 
when the involvement is extensive, the immediate relief from pain 
(which in these cases is often excessive), the absence of contracted 
scars, and the conservation of vitality in adjacent normal tissues. 
In case of recurrence another operation can be performed with as 
pod a chance of success as before the first operation. This is not 
true of radium or x-ray treatment, for once treatment to saturation 
IS accomplished, nothing more can be expected from their use at any 
u ure Ume. Even after radium or x-rays have been employed to the 
limit wthout success, or after recurrence following their use, electro- 
apiccation or electrocoagulation may still be used with a fair chance 
0 speess. With increased personal experience with all surgical and 
irradiation methods I am impressed ivith the inferiority of the older 
surgical method^ for the removal of neoplasms in the locations under 
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Neoplasms of Lips, Oral Cavity, etc. 

discussion, and the superiority of the electrosurgical methods in these 
locations. I am also led to the firm conclusion that radium should not 
be employed in intensive doses near bone, since radium necrosis of 
the bone is almost certain to occur sooner or later, and that condition 
is almost as serious to the patient as the malignant lesion for which 
it was employed. For example, in the light of present knowledge it is a 
most reprehensible practice to apply radium in the maxillary sinuses. 
It may be employed from the outside, however, with comparative 



Fio. 73. — Mixed'cdl sarcoma of bulbar conjunctiva and cornea. 

. Fig. 74. — Result of one electrodcsiccation treatment, with no perceptible scar and no 
impairment of v-ision. This case illustrates the practicability of treating growths near the 
cornea. Many such lesions have been successfully treated. 


safety, since the advantage of distance is obtained, and filtration of 
softer destructive rays is then possible. Radium or x-ray treatment 
to the lymphatic drainage areas is a different matter, and the use of 
one or the other should be the routine practice. I am strong in the 
belief that all primary lesions in the locations mentioned should be 
removed by one or the other of the electrosurgical methods, for 
reasons that are so valid that possible arguments against such practice 
can easily be answered. 

When it is considered that the mandible (from the median line to, 
focluding, the maxillary mandibular joint) can be resected, half 
of the upper jaw removed, the tissues in the maxillary sinus and the 
bony structures enclosing It ablated, the orbit exenterated, and the 
rontal and ethmoid sinus cleared of disease without serious hemor- 
rnage or great surgical shock, by a single electrocoagulation operation, 
sn an idea is given of its potency and range. 
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If enthusiasm there be, it is pardonable upon the basis of facts and 
matured appraisement. One who has seen the curative and cosmetic 
effects of an elcctrodesiccation operation upon epithelioma of the lower 
lip, for example, would not again seriously consider excising it by the 
older surgical method. 



Fjc. 75.— Basal-cell epithelioma involvins the car, parotid plane!, surrounding tissues, 
the nastold Lone, and the car canal, extending almost donn to the tympanum. 

Fic. 76.— Demonstrating the fine control by ibe clctlrodcsiccalien 
operation was performed under ether anesthesia. Both facial nerve and hearing «er® 
conserved. Note cotton in car canal for cleanliness and protection. 



Tie. 77. — Sfiti T.ious-cell carcinoma, grade 3, of ear and mastoid region, Incl'a^S 
involvement of 1 ue. 

Fig. 78. — R' all of combined efeclrocoagulation and radium treatment. No recurrence 
In 14 years; r.*tient still living. 




Fio. 7 g.— Inoperable adenocarcinoma of the brea$t and atilla, with extensive metas- 
tasis to the lungs and mediastinum. Too e-vtcn$ive to be treated by electrocoagulationt 
which was contraindicated because it would have been impossible to treat all the disease 
with safety to patient. Radium needles and deep x-ray therapy were employed. 

80.— -The remarkable result shown was obtained. This patient lived 3 ^ years 
following treatment, and Anally died from further metastasis. This case is shown to stress 
the fact that electrosurgery has limitations. 



out^^m 1^* extensive scirrhous cardnoma of breast, with deep adhesions, but with- 
bv ^ bieast carcinoma in which a good result might be obtained 

electrocoagulation operation. 
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^ Technic. — As another example of technic, a description of amputa- 
tion of the tongue for advanced cancer by the electrocoagulation 
method has been selected, and it is as follows: 

If the case is far advanced with considerable emaciation, it is 
proper to do a preliminary gastrostomy. This has several advan- 
tages, namely, it permits of the building up of the patient’s strength, 



relieves the pain incident to swallowing, and frequently results in a 
considerable reduction of the swelling and induration in the tongue and 
pharynx, following the rest given to those parts. The tongue can then 
be readily electrocoagulated through its base and excised. Primary 
and secondary hemorrhages are unusual. To diminish even the small 
risk, it is wise to do a preliminary ligation of both external carotid 
arteries. Ether anesthesia is employed; the etlier should be removed 
from the room and the fumes fanned away when the patient is fully 
anesthetized p^'cl before applying the current, else the vapor might 
ignite. Shoulf . i operation be unusually prolonged, and should the 
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patient show signs of regaining consciousness, it may be temporarily 
discontinued as often as required while ether is again administered. 
Frequently the operation is of such diort duration that the use of ether 
a second time is not necessary. Scopolamine, i/ioo grain, and mor- 
phine, grain, may, in some instances, be used hypodermically one 
hour before the administration of ether. Less ether will then be neces- 
sary, and the immediate postoperative discomfort will thus be mini- 
mized. 

Since electrocoagulation is produced by a current of relatively high 
amperage and low voltage, an indifferent electrode placed on some 
part of the patient's body is necessary to complete the circuit. This 



Fic. 83.— Showing squamous-ccil epithelioma in skin of abdomen, a late result of 
-ray treatment for a fibroid tumor of the uterus This was before the days when 
'"aracter of rays, and filtration rserc well understood. A coagulation operation 
urfd this patient, and complete healing was accomplished without skin grafting. 


electrode may be made of block tin or some other flexible metal, or 
electrode, made, for example, of asbestos or heavy towels, 
'vnich is in turn covered wth some metal. These electrodes should 
3bout 8 X 10 inches, more or less, depending upon the size 
the patient. The indifferent electrode selected should be placed low 
Own on the back of the patient, the weight of the body holding it in 
P ace and insuring a good contact. A good contact at all points is 
•niportant, else sparking to the body might cause a localized high- 
frequency burn. b j t, & 

. ^^^®r separating the jaws wth a mouth gag, a heavy silk suture 
through the tip of the tongue from side to side, by means 
the organ is drawn well forward. The coagulation needle is 
bal tn contact with the dorsal surface of the tongue as far 

CK as IS necessary, and the current turned on either by the operator 
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by means of a foot control, or by an assistant on signal. The needle is 
Mie across the tongue, and after the surface is coagulated 

the needle IS carefully inserted into the tongue to the proper depth 
at different points, allowing electrocoagulation to take place as the 
needle penetrates. This having been thoroughly accomplished, the tip 
of the tongue is elevated by means of the attached suture, and a 
straight sharp sewing needle of proper length is substituted for the 
curved needle previously used. The frenum is then coagulated, and the 
electrified needle is inserted between the tongue and the floor of the 



ro>ind*ccll aatcoiiia invoMns tissue of the fcreticad and frontal bone, 
into the frontal sinus and upper and loner eyelids of both eyes. 
Vision lost through mechanical closure of lids. 

not indicalcd owing to involvement of such structures as 
Qgai* I ^ vision. Radium needle treatment employed with excellent result. 

bhawJng appearance three weeks after treatment. 

-S^.-^howing final result. Patient lived three and one-half years after treatment, 
and finafiy died from extenaon of disease to the brain. 


tnouth. When electrocoagulation is again completed, curved scissors 
;^ay be used to cut through the electrocoagulated area on both sur- 
laces, and the tongue is then separated from its attachments and 
removed. 


After-Treatment. — The after-treatment consists of simple anti- 
septic mouth washes, and the application two or three times daily of 
a weak solution of hyposulphite of sodium, which sterilizes, deodor- 
izes, and tends to keep the slough free from maceration. Care should 
e taken not to remove the slough prematurely, else secondary hemor- 
r age might occur. Such a major electrosurgical operation should be 
perJormed in a well-appointed operating room, using the same prepara- 
tory tectaic as in any surgical operation, though the necessity for 
sterilization is >!ot as great when the electrosurgical methods are 
employed as when the cold scalpel is used. 




Fio. 87^M>ted-ce]l sarcoma of the shoulder. Recurrence after two surgical excisions. 
Fio, 88. — Result of combined electrodesiccation and radium treatment. Patient lived 
8 jears without recurrence. 



The ] ^^-^Showing typical recurrerjce of melanoUc sarcoma after surgical excision. 

disease in this case was cootroUed hy employment of the eicctrodesiccation 
cumKr.^ . appeared. The patient Used for syi years, and finally suc- 

Vo metastasis to the lungs. 
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Hemorrhoids and Other Rectal Lesions 

The electrodesiccation method has proved most satisfactory for the 
renioval of interna! hemorrhoids, fissures, fistulas, papillomas, ulcers, 
and localized malignant lesions of the rectum. The following technic 
for hemorrhoidectomy is almost identical with that of the clamp and 
cautery operation, except that electrodesiccalion is used as the active 
agent instead of the cautery. 

. Technic.— The usual preparation of the patient is carried out. Local 
innltration anesthetization by classical technic may be employed, 



Fic. 90.r— Showing a case of melanotic sarcoma in which a radical coagulation opera- 
ion was penormed. While not successful in absolutely controlling the disease, the opera- 
ion delayed its progress, prolonged the life of the patient, and decreased the pain. 


although in some supersensitive individuals a general anesthetic, pref- 
erably ether, is used. Caudal anesthesia is preferred by some opera- 
tors. After stretching the sphincter muscle sufficiently, each hemor- 
rhcid is pulled down in turn by means of suitable tenacula, and the 
pile IS clamped at its base in the direction of the muscle fibers, which 
angles with the anus. The pile is then electrodesiccated 
(by the technic described for other lesions) down to the clamp. The 
clamp is then removed and the hemorrhoid is permitted to slough 
away, or it may be excised at once not quite do^vn to the clamp. The 
latter method is preferred. Postoperative hemorrhage is not greatly 
to be feared, there is no resulting cicatricial contraction, and as a 
rule postoperative discomfort is not great. In some cases, however, 
^cater than -n others. Patients should be hospitalized and remain 
in bed for a few days as a safe precautionary measure. The electro- 
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Breast Amputation 

desiccation method for removing hemorrhoids is an advance over the 
Whitehead, ligature, clamp, and cautery operations and the injection 
methods, for the radical cure o! hemorrhoids. 

The electrodesiccation technic described has been found to be more 
satisfactory for hemorrhoidectomy than the more intense electrocoagu- 
lation method. The practice of passing the bipolar, high amperage 
current (diathermy) through a metal clamp, after the hemorrhoid is 
engaged in the clamp, is not as satisfactory as the method described, 
owing to the possibility of unnecessarily electrocoagulating tissues 
adjacent to the hemorrhoids, the greater inflammatory reaction, and 
possibility of subsequent contracture of the lumen of the rectum. 


Breast Amputation by Electrosurgery 

In some cases of ulcerated cancer of the breast, when there is not 
sufficient healthy skin to permit approximation by suturing, the elec- 
trocoagulation method may be used. This has the disadvantage of 
leaving an open wound, which must necessarily heal by granulation. 
It has the advantage, however, of immediately ridding the patient of 
a discharging, malodorous, ulcerating growth, with almost immediate' 
relief from pain. It is astonishing how a large healthy ulcer in the 
mammary gland and other locations, thus produced by electrocoagu- 
lation, will heal by granulations without the necessity of skin grafting 
after removal of the disease down to a healthy base. A note of \yatning 
is sounded to use care that the electrocoagulation is not ext^ded 
through the tissue in the intercostal spaces, lest there be a'^sloxi^h 
through into the pleura or pericardium. 

I am indebted to Dr. Harry E. Mock, of Chicago, 111., for the fol- 
lowing data upon breast amputation by the high-frequency knife, 
which has a wider field of usefulness in breast work than has electro- 
coagulation. 


Technic. — In breast amputations the skin incision I. [Dr. Mock] use is 
to that described many years ago by Halstead. At first I made this 
skin incision with the high-frequency knife, but in my experience the healing 
oI the skin margins is somewhat slower than when it is made by cold scalpel. 
Therefore, in more recent years the incision is outlined by the scalpel and 
barely passes through the skin. The few bleeders encountered are grasped by 
small hemostats, and are later sealed by barely touching the hemostat with 
the point of the electrode ueedle with the current changed to a partly electro- 
coagulating current. The incision is now carried through the alveolar tissue, 
^nd muscles, down to the ribs, and a clean dissection of the breast, 
including the pectoralis major and the pectoralis minor muscles, is made 
pward to the axilla. The smaller vessels are usually electrocoagulated during 
procedure, but the larger vessels are grasped by hemostats before 
tur ^ severed with the cutting current. The cutting current is then 

bv*ih electrocoagulating current, and the hemostats are touched 

y he electrode until the vessels are thoroughly electrocoagulated. Seldom 
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Sthe tve? bSS'M '.hTf/Trf'® “■? 

SS Is I 

Lnia^ Sery'L^d andV^ used m carrying out the further dissection of the 
^nft rtif«r every Ltt of fat arc removed from above and behind 

of thflatiimufiw “"‘1 f™™ behind the Lrgin 

aitilla S < “"'"'rard to the most dependent angle of the 

ax h f i**' «'“"*• ““I '^“y li«« (ton. the 

a \Z, “"'P’bic’y removed and sent to the laboratory. 

its exit bJnn^« .t“'" '* '*‘"'“8'’ (be axilla, 

cisio"is then 1 ? "•?. po'lio" o' ll« latter. The skin in- 

Sostlsiils co1^,«e.™‘" aoJ after mating sere that 


matefv oP'™'"'"” ““ be completed by me in approxi- 

scalDi[ and consumcd in the breast amputation with the 

scalpel and the ligation of ad bleeders. 

practically no complaint of pain 
remarlcJ »”C*hod. Practically every observer has 

HiefrtJiT, pam when eleclrosurgery is used, 

that vessels and lymphatics show definitely 

semina(fntfnt.'?^"1,^^ fear, therefore, of di^ 

nated ^'uicer cells during the operative procedure is practically elimi- 

^®u^°rrhage following breast amputation has not oc- 
tiimrvr u cases. However, in one case of removal of a benign 

In breast by eI«lrosurgcry, a hemorrhage did develop^ 

must admit espedally 5f they are fatty subjects, I 

fnlimvino- ™°re collection of serum in the wound 

electrnm'imiin-^^^^”^’ ‘^re must be exercised when one passes an 

If thi* through a hemostat for the purpose of hemostasis, 

burned -md «nm the skin, the latter will be electrocoagulaled or 

thb point cause considerable delay in the healing of the incision at 

frMuencv'knl^.'^^T^u whether by the cold scalpel or the high- 

at^ tracMhJp surgical death, that is, death following 

thorax follnw^d i operation. This case developed a complete pneumo- 
wSoSinl ^ Streptococcus infection, with death at the end of one 
in thp antpri/xf r. ® ?P^''^tion. At autopsy there was revealed a small opening 
extendine J^iUa between the third and fourth ribs, and 

small ulceniprf /xrx^ ^ mto the pleura. There are two possibilities for this 
the pnrJ nf ti .X ‘t could have been caused by pressure from 


the pnrJ nf Ti lUi:''*'*"®: j « couw have been caused by pressure 
it could h- - P hppn ^ c* 2 ictly in this position; second, 

caused by a slougji developing at the point of coagulation 
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of a bleeding vessel. Since this catastrophe, I have guarded against, and have 
warned others against, the use of loo strong an electrocoagulating current 
over the intercostal spaces. 


Results. — I have used electrosurgery in breast amputations for a period 
of five years. I am positive that more patients are remaining free from 
metastasis during this five-year period than during any other five-year 
period of my experience. However, the time is too short to give any 
statistics or arguments which would be of value in the ultimate end-results. 
Even if the percentage of recurrences or metastases proves to be equal to 
the series of cases in which the cold scalpel was used, yet the increased 
rapidity and ease of this operation by means of electrosurgery, and the 
reduction in pain and shock by this method definitely warrant its use. 




Fig. 91.— ^ne of (wo similar cases of anthrax infection treated the same day by the 
e ectrodesiccation method. These cases were referred from a bacteriologic laboratoiy, 
. ® patients were accidentally infected. Temperature at the time was 104.2' F. 

UQ C.J. Serum was employed to combat possible blood infection. 

Fig. 92 .-^Rapid recovery in both cases after one electrodesiccation operation. Note 
Rood cosmetic result. Photograph taken one year after treatment. 


Thyroidectomy with Electrosurgery 

Evidence is accumulating that eleclrosurgery is a valuable adjuvant 
V Its use in this condition was first described by 

• lock, of Chicago, who gives the following description of this op- 
eration. [/. /i. 21/. A., 94; 1365-1368 (May) 1930.] 

The usual skin incision is made in the neck either with a 
with ^ ^be numerous small vessels, which are always cut, being grasped 
bemostats, or with a purely cutting current, the bleeders like- 
oemg grasped with hemostats. WTien the incision is made with the active 
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or cutting electrode, it must be done quickly and accurately in order to 
obtain a cleun-cut incision through the skin. 

The next step is to seal the numerous small bleeders exposed by the skin 
incision. The assistant in charge of the generating machine changes the 
switch from a cutting to a scaring current, and the operator then touches 
each hemostat in turn with the point of the active electrode (held in the 
pistol grip). The current passes down the hemostat and seals the end of 
the vessel, thus eliminating the use of a ligature. Throughout the entire 
operation practically all vessels are sealed in this manner instead of being 
ligated. The usual exception is the superior thyroid arteries, which as a 
further precaution may be both Ugated and scaled. 



Fic. 93. — ^Nevus pigmentosus occurrini; on the abdomen of a joung woman. Radiiini 
treatment in other hands was unsuccessful, serving only to complicate the case. 

Fic. 94. — Result obtained by eicctrodesiccation after radium failed. 


The assistant next turns the switch back to the cutting current, and 
the operator proceeds to expose the thyroid gland. The incision is now con- 
tinued with the cutting electrode dorvn through the platysma muscle, and 
the skin and the platysma flaps are dissected upward and downward the 
usual distance. These skin flaps are retracted by small nonconducting 
retractors made of a hard fiber. The cervical fascia is now exposed and is 
incised down the middle. It is then freed from the capsule of the gland 
by blunt finger dissection or by a Kocher dissector and is retracted laterally 
along with the sternohyoid muscles by nonconducting retractors. When m 
the case of a very large goiter it is necessary to incise this muscle on one 
or both sides, this incision is likewise done with the cutting current. In 
many cases in which the muscles have not been overdistended by a large 
goiter, thus enhancing the ease of their retraction, it is necessary to make a 
transverse incision as well as the vertical one, and to turn back the four 
muscular flaps in order to expose the goiter. 
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The goiter is now mobilized by gently passing the finger around its 
borders, but no undue traction is used to deliver it into the wound where 
it can be attached more readily. Clamps are placed on the superior and 
inlerioT thyroid arteries, first on the ti^l lobe and later on the left. The 
gland is now attacked in its superior-lateral aspect, the combined cutting- 
cooking current being used for dissection instead of the sharp scalpel and 
bemostats. Occasionally a vessel will bleed and it is necessary to grasp it 
with a hemostat, but as a rule not more than four or five hemostats are 
employed on each lobe, and these, with the exception of the superior thyroid 
arteries, are sealed by passing a cooking current down the hemostat. Such 
a small amount of this current is necessary, but these vessels are sealed, 
not electrocoagulated, and there is no area left behind to slough, as is the 
case when tissue is thoroughly electrocoagulated. 

Both the procedure advocated so strongly by Crile, of leaving a small 
layer of gland behind along the lateral margins and a small film of gland 
tissue across the trachea, and the method advocated by Reinhoff and others, 
of opening the internal capsule of the gland and dissecting this off the 
anterior surface of the goiter and then removing the latter by an intra- 
capsular dissection, have been used. When the latter method is employed, 
an effort is made to dissect the capsule away from the gland, retracting it 
laterally, but performing this dissection by means of the electric current 
rather than by a blunt incision. 

The chief purpose of this entire rrvethod of attack is to seal not only the 
blood vessels, but the lymphatics just ahead of the incision, thus preventing 
the escape of the thyroid toxins into the circulatory (blood and lymphatic) 
system, with the subsequent severe reactions not infrequently seen following 
these operations. Therefore, when the goiter proper Is reached, every effort 
is made to avoid the use of scalpel, scissors, or blunt dissector. . . . These 
are replaced by the cutting-sealing electric current, exactly as is done in 
the case of a malignant growth in which the desire to seal the blood and 
lymph channels is even more important. 

The bed from which the goiter is removed is now carefully inspected, 
any bleeding points that appear are sealed with the current, and the re- 
maining edges of the capsule are approximated with plain catgut. A drain 
of Soft small rubber tubing is inserted as a routine. In three cases closure 
has been effected without drainage, but in one of these there was a con- 
siderable collection of serum. In one case a small hemorrhage developed, 
which was readily controlled by pressure dressing. The skin is closed by 
fine silk sutures, and the drain is removed in from 24 to 48 hours. 

Anesthetic. — The anesthetic of choice in these cases of goiter is 0.5 per 
cent procaine hydrochloride, used locally. One hour preceding the operation 
the patient is given morphine sulphate, *4 grain (16 mg.), and scopolamine, 
V150 grain (0.4 mg.). With this anesthetic no precautions need be taken 
of the electrical current. 

Nitrous oxide gas may be used without undue fear of an explosion, 
and ether can be used. In the latter two cases a wet flannel roll is placed just 

riow the lower edge of the mask, and further protection against the fumes 
01 the ether reaching the electric spark is provided by a rubber apron placed 
m'er the anesthetic frame and held tightly by clips against the skin of the 
^eeks and chin. In all but one of the cases in this series, local anesthesia 
was used. 
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series that has shown the least evidence of a postoperative thyroid toxicosis. 
It would seem logical to ascribe this to the same sealing of the blood and 
lymphatic channels, thus preventing the escape of toxic substances from 
the cut thyroid gland. 

I am not yet ready to say that this will be my method of choice in 
every case of thyroidectomy. I am, however, convinced that it is by far the 
most rational procedure in all cases of malignant growths susceptible to 
being attacked by electrosurgery. For the same reason it would seem an 
equally rational procedure in malignant conditions of the thyroid, or in 
severe cases of toxic or exophthalmic goiter. 

Disadvantages. — i. The machine for the generating of this electrical 
surgical current is large and cumbersome, and is transported from one 

hospital to another with great inconvenience. It is an expensive apparatus, 

and therefore will usually be purchased only by surgeons or hospitals 
interested especially in malignant conditions, or by those who may come 
to recognize its value in thyroidectomy. Its general usefulness is therefore 
greatly limited. 

3. The surgeon must have at hand a carefully trained assistant who 
understands the mechanism and who can manipulate the various switches 
that modulate the current from the light cutting stage, through intervening 
stages, to a heavy electrocoagulaling current. Unfortunately, there are 
only a few persons trained to operate this particular machine. 

3- It requires considerable experience to use just sufficient current to 

make a clean*cut incision in the skin, that will heal as readily and \vith 

as little remaining scar as follows a properly executed scalpel incision. 
With practice, however, this can be accomplished. If too strong an electro- 
coagulating current is used in sealing the blood vessels, one may have a 
greater amount of serum drainage than is the rule when hemostats and 
ligatures are used. Here, again, experience with the current is necessary 
to overcome this difficulty. 

4- Care must be used not to allow the current to come in contact 
with a hemostat lying across the skin, or a metal retractor; othenvise, 
cooking of the skin, or of the tissue under the retractor, will follow, to a 
degree depending upon the strength of the current. This, of course, can 
be easily avoided. 

Conclusions. — i. The value of electrosurgery in the removal of malig- 
nant growths of the breasts and other locations where it is possible to 
attack them by this method has been enthusiastically endorsed by all 
surgeons familiar with its use. There is no question that this method 
prevents the escape of carcinomatous cells into the blood and lymphatic 
streams. It reduces the amount of shock and gives better hemostasis. 

. 2 . In thyroidectomies this method prevents the escape of toxic material 
into the general circulation during the operation, resulting therefore in a 
convalescence devoid of the severe reaction often seen in these cases. It 
shortens the operative period by eliminating the ligation of a large number 
of vessels. It gives a convalescence almost completely free from pain. 

.V It has the disadvantage of a cumbersome machine, the need of a 
trained assistant to manipulate the machine, and the added expense of 
tnese two items. But, in spite of these disadvantages, this method should 
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Number of Cases and Postoperative Course. — Only 15 thyroid* 
ectomies have been performed by means of the electrosurgical current. The 
method is still being studied and compared with the immediate and late 
results in patients operated on by means of the scalpel with the usual technic. 
All but 3 of these 15 cases were extremely severe types of hyperthyroidism, 
with marked loss of weight, rapid irregular pulse rate, and, in four of the 
cases, marked involvement of the heart. The basal metabolism rates varied 
from 35 to 89. 

During the immediate postoperative convalescence, I have marveled at 
the almost complete absence of pain in every case; at least 10 of the 
patients have been completely free from postoperative complaints. In no 
case has the temperature been elevated above 101.4® F. (38.5® C.), this rise 
occurring in two cases on the second postoperative day. Six of the other cases 
showed an elevation in temperature to 100® F. (37.7® C.) on the second 
and third days, with normal temperature during the remainder of the con- 
valescent period. Five patients showed normal temperature throughout the 
postoperative period of convalescence. 

The basal metabolism rate in all but three of these cases receded to below 
XO+ by the end of three weeks. Only one patient showed a high rate 
four months after the operation. He bad a preoperative rate^ of 59 +» ^pd 
four monUis later the rate was 35 +, although from a clinical standpoint 
he could be classed as having recovered. One patient In the series had a 
rate below — 10, namely, — 13 }/^. 

Advantages. — Although this is too small a series of cases to justify 
positive conclusions, a few definite advantages are apparent: 

I. The time of the operation is definitely shortened by this method 
through the sealing of the bleeding vessels rather than the use of the 
time-consuming method of applying ligatures. 

3. In every case, even in the most serious with marked cardiac in- 
volvement, there has been a complete absence of postoperative shock. 
One patient was in such an extreme condition that the family physician 
called at the hospital just before the operation and begged both the 
patient and his wife to forego the operation, slating that he would surely 
die if submitted to this ordeal; yet the patient made an absolutely normal 
recovery free from all shock and pain. 

3. A convalescence so free from postoperative pain that even the patient 
remarks about the complete lack of suffering is almost the universal rule. 
This result occurring in a group of patients who are usually emotional, given 
to complaints, and often seeking sympathy, is especially noteworthy. 

4. When one has used the electrosurgical method in the removal of a 
large number of malignant growths in breasts, tongues, lips, and parotid 
glands, one becomes deeply impressed with the bloodless field, the absence ot 
postoperative shock, and the freedom from postoperative pain. The greatest 
impression, however, and the greatest sense of security lie in the sealing ot 
blood and lymph channels simultaneously with the incision in and around 
the malignant growth. The old fear of opening up channels for the escape 
of carcinomatous cells to some other parts of the body is at once eliminated 
to a great extent. 

The same principle holds true in the removal of a very toxic goiter by 
the electrosurgicol method. There has been no case thus far in this small 
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adds a complication to an already highly complicated procedure. Yet, in 
making a review of the early histories for purposes of this present com- 
munication, I find it e.xpressly stated over and over again that the par- 
ticular procedure in question, though an extremely prolonged and arduous 
performance, was one which, without the electrosurgical adjunct, would 
have been impossible to carry through to a safe conclusion. 

During the two years just elapsed since we hesitatingly began to employ 
the currents in craniocerebral surgery, 547 operations for tumors have 
been performed. Though for some of these (derations the electrical methods 
were not essential, there were few of them, even when no tumor was found, 



97- — Showing a talloo tnark treated by electrodesiccation. The scar noted was 
hitherto caused by an attempt at excision. 

Fic. 98. — The result obtained. Electrodesiccation has been found satisfactory for the 
removal of tattoo marks- 


m which they could not advantageously be employed. The currents are 
useful even for such trifles as brushing the surface of the dura with the ball 
electrode in order to seal the tom meningeal veins, from which persistent 
oozing may sometimes try one’s patience, or similarly for checking the 
persistently oozing points on the under surface of the reflected bone before 
its replacement, or for electrocoagulating some refractory vessel on the 
* margin. To be sure, muscle implantation, bone wax, and silver 

long been used for these se\‘ecal purposes, and they cannot be 
wholly dispensed with even now, but on the whole, electrical methods usually 
accomplish the same ends more e.xpediliously. 

20 years have passed since Pozzi announced to the Academy 
0 Medicine in Paris a method for the cure of malignancy by the action of 
sparks from the terminal of an Oudin resonator, a procedure termed “ful- 
Suration,” as Dr. Bovie mentions in bis introductory note. Slowly and grad- 
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be seriously considered in every case of a malignant disease of the thyroid, 
and in extreme cases of toxicity with hyperthyroidism. 

Dr. Martin B. Tinker, of Ithaca, N. Y., at a recent meeting of 
the American College of Surgeons, stated that he found the high- 
frequency knife to be successful in goiter operations. He stated that 
“electrosurgical outfits have been used by a number of outstanding 
surgeons in this country for a good many years, especially in the 
management of malignancy. . . . Their advantages have become ap- 
parent to many members of the profession, and I believe that shortly 



Fig. 95. — Nevus pigmentosus treated by the desiccation method. 
Fic. 96. — Showing the good cosmetic result obtained. 


an electrosurgical unit wll be considered a necessary part of every 
modern operating room, especially where much goiter surgery is done. 

Electrosurgery in Brain Lesions 

Great advances have been made in the use of the various electro- 
surgical methods in brain surgery. The following is quoted in abstract 
form from a paper entitled “Electrosurgery as an Aid in the Remoy^ 
of Intracranial Tumors,” by Dr. Harvey Cushing, which was pub- 
lished in Surgery, Gynecology and Obstetrics, December, 1928: 

There is no painsaying that the employment of the Bovie Unit or any 
other form of . urrent generator as an aid to the removal of brain tumors 
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taking hemostasis that have largely put a stop to operating by the clock. 
It has been equally slow to adopt the principles of electrosurgery, which, 
from a technical standpoint, are likely to be no less revolutionizing. 

At a recent meeting of the American College of Surgeons, Dr. 
Ernest Sachs, of St. Louis, Mo., said that from his experience electro- 
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ually this procedure has been modified and extended, until for the treatment 
chiefly of cutaneous lesions and of orificial malignancy, It has gained en- 
thusiastic advocates. 

Surgery is a conservative art. It takes to novel methods reluctantly as 
an old dog to new tricks. It was slow to adopt the ligature; slow to adopt 
the principles of antisepsis; slow to adopt the fastidious technic and pains- 



Fic. $9.— Extensive keloid tolloning bum. 



Fio. 100.— Result obtained by well-considered radium treatment, with careftd 
ning of nitration and dosage. This is the treatment par excellence for keloid. Ww ‘ 
surgical methods should not he employed in keloid, since such treatment will m* 
matters worse. 
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the same result is a fact that depends entirely upon the individual’s surgical 
technic. It should be emphasized again, therefore, that electrosurgery cannot 
be said to have superseded the basic principles of osteoplastic cranial 
operations and tumor removal. 

It has been our experience that one is likely to hurry the procedures 
of electrocoagulating vessels or incising brain tissue. As has been pointed 
out, the use of a strong current to electrocoagulate a vessel may cause it to 
explode, and to defeat the object for which it is -intended. It is certain 
that the electrodes are of no service whatever in a bloody field, which does 
not allow one to see the bleeding or oozing point. 

It is of course understood that an electrosurgical apparatus should not 
be used during the administration of a general anesthetic. The possibility of 
an explosion is too factual to be dismissed; consequently, the operations in 
which the electrodes are used are performed under local anesthesia. The dis- 



advantage of a general anesthesia, such as ether, in intracranial operations 
^well known, so that the necessity of a local anesthetic in itself is of value. 
However, it must be realized that many individuals are not suitable patients 
*or the use of local anesthesia. In such drcumstances we have taken the 
precaution of removing the ether bottle from the room, and have placed a 
^'et cloth between the patient’s face and the operative field while the unit 
rs in use. 

'' satisfied ourselves that there are no untoward or disturbing 
complications due to the use of this apparatus in intracranial surgery. As a 
matter of^ fact, the immediate postoperative convalescence in all the cases 
y* if used has been smooth and uneventful. We have never 

aa to reelevate a flap in this group of cases because of secondary hemor. 
f do we believe that any greater amount of postoperative edema 

0 ows its use. In conclusion, we believe that: 
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2. By means of this method brain tumors can be dealt with that have 
been inoperable heretofore, and tumors that were operable can now be 
removed with greater safety. 

3. The technic of this procedure takes time to learn, and as our ex- 
perience increases and its possibilities are realized, more and more can be 
accomplished with it in the future. Gyncc. Obit., p, 505 (Feb.) 1931.) 



Fio. X05. — Extensive cavernous anpotna of cheek extendinj; almost through into the 
mouth. The major portion of the lesion was covered by healthy skin, but an elevated 
strawbeny-colorcd surface angioma may be observed in the photograph. 

Fio. ie6. — Showing result of an electrocoagulation operation; the blood lake was co- 
ablated and later removed through the external angioma. Note retrogression to normal 
with small uncontracted scar. Four similar operations were successfully performed 
radium was employed for such cases. Radium is now preferred because of less hazard. 


The following, relative to brain surgery, is kindly contributed by 
Dr. Loyal Davis, Professor of Surgery of the Northwestern University 
Medical School: 

_ There can be no doubt that the use of electrosurgery adds a complex 
piece of surgical equipment to a technic already dependent upon meticulous 
attention to detail for its success. The surgeon of course does not have to be 
acquainted with all the laws of electrical physics to employ such an ap- 
paratus successfully. However, a thorough acquaintance with its performance 
obtained upon experimental structures is necessary before one should attempt 
use during a complicated surgical procedure. Even \vith such a prepara- 
tion, the advantages and limitations of its use are indicated more clearly by 
practice. That some surgeons may find it of more value than others to gam 
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not as greatly to be feared when the high-frequency knife is employed 
as after the cold scalpel. He further states that he has performed 
five lapaioiomies foi the purpose of dividing extensive intra-abdominal 
adhesions by the electrosurgical knife, w'th no recurrence of the 
adhesions, as evidenced by the permanent disappearance of the char- 
acteristic discomfort caused by them. In a recent communication, 
Trowbridge stated that he had successfully performed nephrectomy 
and hysterectomy and had removed a renal calculus by means of 
the high-frequency knife. 



. , — Ca\crnogs aneioma and necrosis of bone from excessi\-e radium treatment 
nunerto given by another physician Patient almost lost life from hemorrhage. 

Fic. itj.— Result o( one electrocoagulation operation. 


Electrosurgery in the Genito-Urinary Field 

The same indications for electrosurgery exist in the genito-urinary 
as m the gynecologic field. This can be extended in the male to pros- 
tatectomy through a suprapubic opening by means of the high-fre- 
quency knife. Some surgeons have advocated employing a wire loop 
^ the knife in the use of the high-frequency cutting current for sever- 
ing and removing the median bar of the prostate by way of the ureth- 
route through an operating cystoscope, as an improvement over the 
“Ottini operation. 

Excellent results have been reported by surgeons who are in a posi- 
lon to judge of the merits of electcosurgecy in this field. The suc- 
cessful removal of papillomas from the bladder by means of the high- 
requency current through an operating cystoscope, which was first 
by Beers, and verified by many others, is impressive to those 
0 have seen the operation performed. The treatment of such lesions 
as been revolutionized by the advent of electrosurgical methods, 
nave successfully stopped hemorrhage and removed numerous papil- 
nias of the bladder by the high-frequency method. The first one in 
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Fio, J09.— Extensive cavcmouj angionu. 

Fw. :io.-Showing improvemcM during radium treatment. 

suiSi L«h;KThiS‘t;[, "ofcSc!™'”™'' “ ■“ 


Electrosurcery in Gynecology 

Electrosurgical methods have a very definite value in a wde range 
ft?” interest to the gynecologist. Among the minor lesions 

rv, ° which can be successfully treated by the electrodesiccation 

e od are venereal warts, leukokeraloses, leukoplakia, condylomas, 
oes (simple and pigmented), chancroids, angiomas, some localized 
a es ot pruritus (of nerve or eczematous origin), urethral caruncle, 
1 erosions and infected BarthoUn’s and Skene’s 

of vagina and rectum, polypi, papil- 
oi^dder (operating through a cystoscope or a suprapubic 
papillomas of the vagina, cervix, and rectum, erosions of 
finfh cervix, endocervidtis, hemorrhoids, epitheliomas, chancre 
L , encing the treatment and progress of syphilis), and carcinoma 
of the cervix in combination wth radium. 

tinn treated by the more powerful coagula- 

in ^'gk-frequency knife has a wide field of usefulness 

ricion j hysterectomy, through an abdominal in- 
1= js accumulating that the future for this method 

U nlcn throughout the whole range of gynecologic surgery. This 
p^fincT of surgery of the upper abdomen and thorax. An inter- 
g bservation has been made by Trowbridge, that adhesions are 
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Eye, Sinuses, Ear, etc. 

the lesion can be removed \vith the same ease and simplicity as though 
it were on the skin surface. The wound will heal readily if the patient 
is normal, and some notable results have been obtained. 

I have had under my observation a case of squamous-cell carcinoma 
which was treated by this method, and the patient has been free from 
recurrence for lo years. In extensive carcinoma of the larynx, com- 



Pic. 114. — Showing some instruments emplojed in electrodesiccalion and 
electrocoagulation. 

and snare which can be used as the active electrode for electrocoagulation 

B ^ certain large pedunculated growths. Fig. 70 is an example, 

destru^** w Handle and metallic discs utilized as passive electrodes %vhen localized 
around Iv* desired. Rg. 70 is also an example. The acti\e snare was employed 

T) A* V ^be passive disc on lop of the ghoma. 

moistpn^”^*j* electrode covered with rubber on one side and duck on the other. When 
placed on the back of the patient it serves as a satisfactory passive con- 
‘‘“‘^°^'“®l®«rocoagulation work. 

« copper, suitable for electrocoagulation treatment of such conditions 

cndocerMatis or endometritis. 

electrocoa^ht'^ *** needles employed as actiso electrodes for electrodesiccation and 

cQAn.i designed by Cooke, to hold needles for electrodesiccation and electro- 

v««SUUUon operations. 
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“ ‘'‘“If'’'"® PfP^'o™ “'most the size of a hen’s ese The 
patient, an aged man, lived for seven years free frL recurffnJ I 

h shourbe tr^ted Enh“’ “"'oss the lesion is benign^ 

thrbladder Tn thi; “ suprapubic incision and an opening into 

EcECTEosuHGERy IN Eve, Sinuses, Ear, Nose, Throat, and Larynx 

employed in tbe following eye lesions 

wartf i^L'^ J conjunctiva, such as epitheliomas, sarcomas 
refmctore^neT’l'^'^ oonjunctivitis, trachoma, leukoma 

lids imUe , 1 cP"®’ potmanent removal of celia from eye- 

lids when indicated, xanthoma, chronic local infections etc When 

orvCadTacemh™ senses ’is1ndiclm“ 

"‘'“““tos are involved tvith disease, eleclro- 
s3o™,l,= ■"Stances, may be relied upon to accomplish 

cafe Zst E ‘ ‘u^hnic is thoroughly understood. Great 

thf dX win h?'’"’ ‘“.a™**' tniuty to orbital bones, else ’ 

the dura will be exposed and meningitis will result, 

currin<i!f,f'f„^’^*’fif '“ions noted in the preceding paragraph, oc- 
dMfcf?ti°nn ? ‘"■■y successfully trialed by electro- 

thf «w ( f‘«tJ?coagulation, the choice of method depending upon 
fnd f as a matter of interest, 

ns f t Jn delicate action of the current, that small granula- 

InXlf 1 .i! ‘y'JP?""™ may be removed by electrodesiccation vrithout 
control® structure, so great is the refinement of its 

■■j^^ "■a same type mentioned above may also be 

successfully treated by electrosurgical methods, 

found useful in the removal of hyper- 
miirnnc m polypij papillomas, epitheliomas, etc., of the nasal 

use of the^wM^calpeh*^™^ incident to the 

fnr^tf numerous indications for electrosurgery in its different 
luDut? Ifsiil-rtrvi ns tonsillectomy, removal of papillomas, 

tion certain malignant lesions. The electrodesicca- 

the vnnl removal of accessible papillomas of 

or riirprt vie' Operation can be performed by either indirect 

or direct vision, through a laryngoscope. 

moufh mvfrsrv f s^^ould Hot be treated through the 

to the’ o impossibility of doing complete work, and also owing 

Drelimimpxr tr u ‘njuring normal structures. It is preferred that a 
bv a performed, and after that a laryngotomy, 

exDosed fl./' incision. In this manner the lesion can be properly 
P an palpated to determine its location and character. Then 
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however, regarding the value of this method, some commending and 
others condemning it. This has caused confusion in the minds of 
those who are sincerely seeking authentic information. 
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Method No. 2 is perhaps more generally in use than the others and 
is quite satisfactory if correct technical rules are observed. 

Method No. 3 bids fair to be popular also, and those who employ 
it believe it satisfactory. 



Fj®;it7-”-Section of basal-cell epithelioma of the cheek treated by electrodcsiccatlon. 
de^ntalued cells appear as long slender threads — “muminiiication necrosis.” 
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A whole gamut of effects may be produced in tissues by the various 
manifestations of electrical currents, some of which are desirable for 
the treatment of certain lesions, though contraindicated for others. 

I prefer to speak in definite terms of effects when possible, rather 
than of general methods. For example, the term “drugs" will help little 
in prescribing for a definite ailment, whereas, “digitalis” can instantly 
be recognized as the particular “drug” to be administered in certain 
heart lesions. The use of such terms as electrosurgery, diathermy, 
endothermy, etc., though proper in their place as general terms, is 
therefore analogous to the use of the term “drugs,” which is indefinite 
in description of the particular drug actually employed, whereas elec- 
trodesiccation, selected from a wide range of thermic electrical effects, 
is a known entity like “digitalis,” and can be standardized for definite 
uses, one of which is for the successful removal of tonsils, as well as 
certain other lesions before mentioned. Electrocoagulation can like- 
;Tise be distinguished from electrodesiccation, with its definite indi- 
Mtions; and again the effect of the high-frequency knife upon tissue 
is dissimilar to either, though in turn of value, when it would be 
improper to use the other electrosurgical methods. 

It can therefore be seen that general terms are not conducive to 
a close understanding among scientific observers, while standardization 
of methods in terms of effects and special technic will permit of 
duplication of results by different surgeons. Out of the range of effects 
of applied electricity for surgical uses, electrodesiccation, electroco- 
agulation, and the high-frequency knife have up to this time been 
found by experimental studies and clinical use to be more practical 
and useful than others thus far recognized. 

The harnessing of Nature’s mysterious force by patient workers in 
the surgical field for the alleviation of human suffering is an achieve- 
ment comparable with the greatest in surgical annals. This sentiment 
has been voiced by some of the most critical minded of our profession. 
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Method No. 4 seems a rational procedure, but its real value has 
yet to be demonstrated since so few laryngologists have thus far em- 
ployed It. 


Inquiry regarding removal of tonsils by the series treatment method 
among experienced laryngologists reveals that complete work is seldom 
accomplished in less than six treatments to each tonsil, in periods 
varying from seven days to two weeks between treatments. Some 
operators employ as many as 20 to 25 treatments. Seldom is complete 
removal accomplished in any case in less than three months, and it 
sometimes requires six months or more. It would seem that such pro- 
iongation of inflammation would be objectionable, but I am told by 
those who employ it that patients do not object to it. 

All four methods have been fully described in current medical lit- 
erature which^ is readily available, hence no attempt will be made to 
enter further into discussion of them in this chapter. 

In fmrness to all may I state that these methods no doubt are suc- 
cessfully employed by capable men who have studied and applied 
them, but, in common with any method designed for a definite pur- 
pose, some disadvantages are almost sure to exist. 

experience with the use of all types 
of high-frequency currents for general surgical purposes for nearly 
25 years, I prefer the unipolar current of low amperage and high 
voltage for the removal of tonsils. May I therefore not be accused of 
bias if I differ somewhat from those who prefer any form of the 
bipolar, high amperage, and low voltage current (diathermy). 

. My growing impression is that electrodesiccation possesses fewer 
disadvantages, and that it is more suitable for delicate throat work, 
than electrocoagulation (diathermy), inasmuch as there is better con- 
trol ^yith electrodesiccation; the inflammatory reaction is slighter; 
there is, I think, less resulting fibrotic change; the hazard of secondary 
hemorrhage is less to be feared; the natural contour of the tonsillar 
fossa is better maintained; the work is completed in fewer treatments; 
and the results are all that can be expected of any method. 

Analysis of adverse reports concerning electrodesiccation in tonsil- 
lectomy reveals misunderstanding of the method and the employment 
of an improper technic. 

Electrosurgical methods for tonsillectomy should be practiced by 
laryngologists when indicated in complicated cases, but to insure the 
best results, careful study and mastery of technic are necessary, else 
they will be disappointed with results. 


Conclusion 

The term electrosurgery is a broad one, expressing so many ways 
and means of applying various forms of electrical energy for the 
removal of abnormal tissue as often to cause confusion in the minds 
of those seeking reliable information. 
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is dissimilar to either, though in turn of value, when it would be 
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ELECTROSURGERY AND OTHER PHYSICAL THERAPY 
MEASURES IN UROLOGY 

F. G. Harkison, M.D. 

Papilloma op the Penis 

Verrucae acuminatae, known commonly as venereal warts, although 
by no means always associated with any venereal disease, are caused 
by irritation from some source, usually from the prepuce. They are 
an overgrowth of the papillary layer of the skin or mucous membrane. 

They are mostly papillary in type and composed of epithelium 
which is readily transplantable to produce neighboring buds. They 
may resemble epitheliomas or condylomas, from which they must be 
differentiated. 

Correction of the irritation, whether from uncleanliness or dis- 
charges, often causes disappearance. Balanitis and phimosis must be 
corrected to prevent recurrence, and this may necessitate circumcision. 

IVhile the ordinary treatment is the application of nitric or tri- 
chloracetic acid, if not applied carefully and the excess mopped, the 
surrounding mucous membrane is likely to be destroyed. 

The most satisfactory results are obtained by applying lo to 20 
per cent cocaine solution directly to the growth. After allomng a few 
minutes to elapse for the anesthetic to take effect, a fine needle elec- 
trode is introduced at the base of the growth and it is destroyed, using 
the monopolar high frequency and a low current. 

A dusting powder and a dry dressing may be applied, the warts 
either dropping off with treatment or in a few days. 

Chancroid 

Any genital ulcer is regarded as a chancre until proved otherwise. 
While the incubation period and the clinical characteristics may be 
such as point to a chancroid, it is the golden rule that no treatment 
should be started until an absolute diagnosis is made. The dark field 
examination for Treponema pallidum is positive in well over go per 
cent of untreated cases on the first examination. For those sores which 
have received local treatment, especially preparations of mercury, it 

^^scntial that all this be removed and the suspected ulcer cleansed 
and bathed in normal salt solution by repeated applications. The 
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and with progression may break down and discharge pus from sec- 
ondary infection or become a lesion like the initial focus. 

As epithelioma is uncommon before the fortieth year, the diagnosis 
is made by exclusion. Biopsy is not recommended, unless just prior 
to operative procedure, as it has a tendency to promote metastasis. 

Similar to cancer elsewhere in the body, the prognosis depends 
largely upon an early diagnosis with prompt and efficient treatment. 
The later in life the condition develops, the slower it seems to grow. 
Prognosis is good if seen early, and while it has been stated that 
should inguinal lymph node involvement occur, cure is doubtful, yet 
many are reported. 

Roentgen rays, surgery, diathermy and radium are the agents em- 
ployed in the attack, either alone or combined; but it depends upon 
the site and duration to some extent. Surgeons have stated that the 
epithelioma involving the glans or distal third of the penis may be 
treated by partial amputation, but that which extends to the middle 
or proximal third demands extirpation. 

Preoperative roentgen-ray therapy of not more than one treatment 
is always advised. A preliminary block dissection of the inguinal glands 
is carried out prior to the radical surgery on the penis. These glands 
may be destroyed by diathermy, by placing the flat disk active elec- 
trode over the glands after exposure by the skin incision and slowly 
heating until the gloved finger cannot be borne on the tissues and with 
repetition. Due care must be given to the femoral vessels which lie 
beneath. 

The partial amputation is carried out with due respect for the skin 
flaps, and placing and suturing of the cut urethra to prevent con- 
tracture and stricture formation of the new meatus. 

Complete extirpation is performed in the same manner, with the 
new urinary meatus brought out to prevent stricture formation. 

Intensive postoperative roentgen-ray therapy is routinely advised. 
Complete emasculation is rarely employed, and in recent years there 
seems to be a tendency, whether warranted or not, to avoid the knife 
because of discouraging resultant metastasis, and to employ measures 
that produce no mutilation with tendency to regional metastasis. 

Diathermy has been used in the treatment of epithelioma, employ- 
ing the bipolar current with the inactive electrode beneath the sacrum 
wd a flat disk active electrode. General anesthesia is not necessary. 
The cancerous tissue is destroyed by the slow process of thermo- 
electrocoagulation, avoiding all sparking, and the coagulation is 
carried out well beyond the diseased area to the normal healthy 
insure complete destruction of the growth. 

The same procedure as detailed above is carried out wth regard 
to the inguinal glands. Preoperative and postoperative roenteen-rav 
therapy is advised. 

and Widman report a series of cases which were treated by 
radiotherapy and electrocoagulation. Certain cases respond better when 
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physician who neglects this dark field examination or, if not possess- 
ing the facilities to carry out this procedure, fails to direct the patient 
to where it can be done is guilty of moral malpractice, at least. 

If dark field examinations be negative for three or four successive 
days, and if the Wassermann reaction be negative, local treatment 
may be applied. It is wise to continue weekly serologic examinations 
until the sixth week or the secondary period has been passed. 

Many chancroids can be cured by correcting the hygienic habits of 
the patient, as uncleanliness is usually the forerunner. There are many 
remedies offered for cure, such as application of caustics and adds, 
but the writer has found that crystals of argyrol arc very efficient and 
where this is unsuccessful or by reason of the phagedenic spread, the 
method recommended by Robbins and Seabury is applied. 

The chancroid is cleansed and a lo to 20 per cent solution of 
cocaine is applied directly with a swab, which is held in place several 
minutes. A liberal application of 25 per cent cupric sulphate is made to 
the excavated area, and wth the monopolar current of the diathermy 
apparatus and the vacuum electrode, the ulcer is completely fu^ 
gurated, care being given to carry the destruction well under the 
undermined edges and beyond. 

Corbus has pointed out that using a fine needle as an electrode and 
desiccating the sore, rather than sparking it, is superior, as it does 
not carbonize the tissues and at the same time permits greater heat 
penetration. The grayish-green area is now covered with a dusting 
powder, and, if there should be any spread, the procedure may be 
repeated. Usually in a few days the phagedenic ulcer has been changed 
to normal, healthy granulation tissue. , 

The accompanying unilateral inguinal adenitis may be treated wim 
diathermy if seen before suppuration occurs. The smaller electrode is 
placed over the inflamed gland and the larger one beneath the but- 
tocks and treatment given for 40 minutes, repeated daily. Should 
suppuration, occur, incision and enucleation of the gland are indicated. 

Epithelioma 

The etiology of cancer of the penis is unknown, but it has been 
recognized that a long and adherent foreskin, with resultant irrita- 
tion from smegma and a chronic balanoposthitis, predisposes. Epithe- 
lioma among the circumcised is rare. 

This condition arises on the glans or prepuce, frequently on the site 
of an old scar formation, Keyes reports it may start as an indurated 
nodule under the skin or as a patch of leukoplakia. Beginning as a 
wart on the skin, or an ulcer, it becomes deeply ulcerated with granu- 
lating or cauliflower-like growths ivith a foul seropurulent discharge. 
It may spread and involve the entire penis and adjacent structures. 
It is slow growing and pain is usually not an early symptom, ihe 
regional lymph nodes are reported as becoming involved rather late. 
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ducing fever or who develop influenza or acute febrile conditions. 
Santos in his experiments reported that 43 ’’ C. (1094'' F-) for 7 ^ 
minutes, 44*" C. (111.2® F.) for 54 minutes and 45® C. (113° F.) 
for 37 minutes were necessary to kill gonococci. It has been shown by 
others recently that lu uitro the gonococcus will survive 30 minutes 
at 45° C. (113® F.). The point is whether experimental studies of 
the gonococcus grown in vitro help us determine their relative re- 
sistance in the tissues. It may be analogous that, despite recent 
research to discover a chemical gonococcicide, the urologist frequently 
returns to the old established irrigant — potassium permanganate — not- 
nithstanding the fact that its germicidal properties are much less than 
many others. It would seem, therefore, that if by applying diathermy 
we create an unfavorable condition for the viability of the gonococcus, 
without disturbing the mucosa, we are accomplishing enough to war- 
rant its trial. 

Nagelschmidt, with reference to the male urethra, states, “Theo- 
retically, it would be easy to apply heat deeply with diathermy, but 
practically it is quite different. In order to obtain an even, deep beat, 
one must apply diathermy with low amperage during a long time. It 
is technically very difficult to diathermatize the whole urethra far 
into the bladder without heating up some places too high. In the pars 
pendula no difficulties appear. As soon as we reach the root of the 
penis, it is impossible without special technic to heat through the 
urethra in all directions with an even temperature.” Corbus and 
O’Conor in their book state, “It is a firm belief that ultimately the 
technical difficulties which so far have prevented the absolute per- 
fection of this method will be solved.” 

The use of medical diathermy in the treatment of acute gonorrhea 
has been upheld by many authors — Roucayrol, Seres, Walker, Watson, 
Canovas, Cumberbatch and Robinson, Corbus and O’Conor, Gomez 
and Gastano, H. Schmidt, Nagelschmidt, Shohan, MacArthur, Redewill 
and others — but has been discounted by recent textbooks of urology, 
notably those of Keyes, Pelouze and Eberhart in this country and 
MacDonagh of England. 

It is not within the scope of this chapter to discuss the physical 
principles which govern the development and application of the type 
of current suitable for diathermy. It is sufficient to state that should 
•II employed, it is essential to get a good machine which 

deliver all that is expected of it with a margin to spare. It should 
e capable of delivering 2000 to 3000 ma. in a steady volume with- 
out appreciable variation over a period of one hour. Small machines 
■ncapable of doing this do not produce results. Whether a portable 
^ acnine is desirable is a personal decision. We like a portable machine 
^ can be moved from one room to another or even to the 

Iiome. MacArthur in a personal communication informs me 
can h ^ ^ machine with connections such that two patients 

oe treated at the same time. Of the greatest importance are the 
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and thus surgical diathermy or fulguration is apt to occur 'vvith a 
resulting traumatic fistula. 

Follomng the suggestion of MacArthur, the witer applies dia- 
thermy to the anterior urethra, using two strips of block tin Y2 inch 
wide, cut to a length which wll run the entire urethra, anointed with 
K-Y lubricating jelly and strapped with adhesive. Attention is given 
to directing that the electrode on the floor of the penis be slightly 
smaller, as the urethra is closer to the floor. Intimate contact of all 
electrodes is most essential, and it is best to have all cords completely 
insulated to the very point of attachment. A small rubber cuff can be 
slipped over this point after the connection has been made. It is 



•• — Strip tin electrodes cut to length along the anterior urethra, held in place by 
adhesue. Rubber cuffs may be pulled o\er connection points to prevent shock. (After 
iiacArthur.) 


desirable to increase the current slowly, taking at least five minutes 
before maximum intensity is produced, and reverse the procedure for 
cutting off the current. As there is no thermometer to act as an 
indicator, the milliamperemeter must be watched, with the current 
varying between 300 and 800 ma. The length of the treatment should 
e at least i hour and should be repeated daily or, better, twice daily 
until the gonococci are eradicated. The temperature of the urethra 
to 109 to 112° F. {42.78 to 44.44° C.) for the duration 
? treatment, a temperature at which it is alleged the gonococcus 
s destroyed. This treatment can be continued for some time (Fig. i). 
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electrodes, which will be discussed under each condition because it is 
here the personal element enters. 

Provision has to be made so that the patient can lie for an hour or 
more without being disturbed and, if not under personal supervision 
the entire time, at least watched by someone competent to judge if the 
patient is getting what is desir^. Better results are obtained by 
arousing the interest and cooperation of the patient, by explaining 
carefully to him ^actly what you wish to accomplish and assuring 
shocks or painful effects. After the first 
application with no untoward effects, the patient's morale is raised,' 
particularly with clinical improvement, and afterward the cord con- 
necting with the swtch is given him so he can break the circuit if the 
heat becomes too intense. 

It would seem that diathermy will never become popular, at best, 
mainly from economic reasons. The physician needs special, expensive 
apparatus, a separate room for an hour or more, and the procedure 
must have skilful supervision. Of necessity a larger fee must be 
charged to the patient, who in these times of economic stress Is more 
^^*1 unable to pay it. Thus it will be shelved except for the 
wealthy, or in those distinct cases where diathermy is so superior to 
other forms of treatment that self-preservation of professional rank 
will impel its use. 

^ To the patient presenting himself with acute gonorrheal urethritis 
in the early stage, i.e., the first or second day, with the infection 
limited to the anterior urethra, anterior to penoscrotal juncture, 
diathermy may aid in effecting a speedy cure. By the two-glass test, 
the first may be cloudy and contain a few shreds, but the second 
should be clear. Theoretically this is the time, if diathermy is able 
to sterilize the urethra by killing the gonococd, the best results should 
comparable to a successful so-called abortive treatment, 
which is seldom employed. The great difficulty has been to get a 
suit^Ie set of electrodes which will give even heat to the urethra. 
Various types of intra-urethraJ electrodes have been devised, notably 
the one by Corbus, which is unsuccessful because: 

I. A basic urolo^c maxim slates that no instrument should be 
passed in the inflamed urethra in the presence of gonococd. 

usually not able to tolerate instrument in the inflamed 
urethra for sufficient period of time to get desired result. Corbus 
states however, “Contrary to the general impression of this form of 
treatment, it is painless during the period of application. After the 
wimdrawal of the thermophore there is a copious discharge of serum 
and mucus which lasts until the next urination." The writer does not 
favor this treatment. 

3- As the urethra is not of uniform caliber, ah electrode does not 
nt sn^ly against the mucosa, so that sparking will occur. 

4‘ Heat is liable to be concentrated on the tip of the instrument. 
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has not been so favorable, whether because of faulty technic or be- 
cause we failed to get proper cooperation from our patients. In most 
cases the discharge appeared a little more profuse after the ftrst treat- 
ment and then gradually cleared. The acute symptoms were alleviated. 
Gonococci did not seem to disappear any more quickly than with 
other methods. Clinic patients are difficult to hold to treatment, par- 
ticularly when the symptoms wth which they present themselves have 
abated. It has been observed that, as our technic improved, better 
results were obtained, and we are Inclined to blame ourselves rather 
than the method for our earlier failures. We do not advocate this as a 
routine treatment for acute urethritis. 



Fic. 3 .— Localized inflammation in perineum — Cowper’s gland. Small block tin 
•lectrode over affected area and held in place by adhesiw after shaving. Large electrode 
(6 by 8 m.) beneath buttocks. 


With posterior involvement of the urethra, which occurs in the 
[majority of cases treated by any means, complications may occur, and 
\baf diathermy occupies first rank in the treatment. Trophy- 
^tic treatments to the posterior urethra and prostate have been 
advised at this time, where there has been a period of inactivity with 
older methods. 

Periurethritis may occur anywhere along the urethra, but the com- 
onest sites are immediately posterior to the glans penis and in the 
perineum. The latter may be due to extension from the glands of 
litre or from inflammation in Cowper’s glands. 
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This treatment does allay all the acute symptoms and checks the 
discharge considerably, even if the infection has invaded the bulbous 
portion of the urethra, and can be used in conjunction with the 
various accepted modes of treatment, internal medication, hand 
injections or irrigations, copious draughts of water, free catharsis, 
restriction of exercise and diet, and a taboo to sexual excitement and 
alcohol. 

In the acute fulminating types where the penis is edematous, the 
tips of the meatus and the prepuce are swollen and the patient com- 
plains of intense dysuria, palliative treatment alone can be instituted, 
as injections or irrigations are not indicated or tolerated, and dia- 



Fjc 2 — Molded block l»n elcclrodes held m place by adhesi%'e straps in periurethntis. 
Larcer citftrode on top~sinailer on bottom Rubber cuffs may be pulled over connection 
to a\oid ihock 


ihermy occupies a stellar role and acts as an excellent palliative 
measure, as often one treatment will entirely relieve the acute symp- 
toms. and injections can be resumed shortly. 

Redewill ct al. in a recent article maintain that with properly applied 
electroclc> externa) to the penis, the urethra having been previously 
liiled with 0.5 to i per cent mercurochrome, uniformly excellent 
rf-uU-- can be obtained with the use of diathermy. 

MacArthiir reports a series of 15 cases of acute gonorrheal urethri- 
li-- in which after the fifth diathermy treatmeJit, the gonococcus 
muid not be ft ' .-d in 14 in two coses a recurrence w'as noted. 

Our experif \ < wuh diathermy in the treatment of acute gonorrhea 
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A patient ivith acute prostatitis is a hospital case, because the effec- 
tiveness of the treatment directed to the prostate in the first few hours 
will determine the future management. It is here that a portable 
diathermy machine is indicated, for it can be brought to the patient’s 
bed. The patient is placed on his belly, with the larger so-called in- 
active electrode of block tin, approximately 6 by 8 inches, anointed 
with soap lather or K-Y lubricating jelly, beneath the lower abdomen. 
The buttocks are spread, \vith one hand, and the prostatic electrode, 
copiously anointed with lubricant, is introduced easily and carefully 
into the rectum, directing the concave metal portion to come in actual 
contact \vith the diseased portion of the prostate, as having been 
previously determined by rectal palpation. This may be turned to 
various areas during the treatment if necessary. Too much emphasis 
cannot be placed upon how skilfully and painlessly the introduction 
of this electrode should be carried out. The patient is particularly 
apprehensive at the beginning of the first treatment, the prostate may 
be exceedingly tender and there may be some tenesmus with attempt 
to force the electrode out, but the effectiveness of the treatment de- 
pends upon how accurately the electrode is placed, so the electrical 
heat may be generated at the point desired. Upon not being shocked 
nor hurt, but, on the contrary, e.xperienclng the soothing effects, the 
patient's morale is raised, and the second treatment will go more easily 
with better cooperation. The thermometer is introduced through the 
shaft of the electrode, which may be held in place with small sand- 
bags above and below it, which also help to steady it. 

The current is increased gradually, taking at least five minutes to 
arrive at a maximum temperature of no® F., or 43.33® C. Above this 
temperature the patient complains of tenesmus and sacral pain, al- 
though the maximum temperature reached has been 112° F. (44.44° 
C.). The temperature registered in the thermometer is degrees 
less than that generated in the tissues. Even when the patient is 
tolerant of a high temperature, it is difficult to obtain, as the blood 
seems to carry the heat away faster after a temperature of 109 to 
110° F. is reached. The milliamperemeter may vary from 1000 to 
iSoo. Many patients may not be able to tolerate this temperature at 
first, but most will be able to bear it if it is gradually attained. In 
some, however, the tolerance xvill not be that high, and in these the 
patients' statements must be given as much weight as the thermometer 
m the prostatic electrode. 

The treatment should extend over a period of 40 minutes to i hour 
or longer, daily, or even twice a day until the acute symptoms dis- 
appear. 

Catheterization may have to be carried out for retention of urine 
and should be done under the strictest aseptic conditions, using a 
catheter which will cause the least amount of trauma, even a woven 
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marked periurethral infiltration a 
large percentage undergo suppuration with the formation of an abscess 
nth persistent urethral fistula, or a persistence of the gon«o?cS £ 
te^^ iSi ““T of ‘he acute urethritis. Diathermy is 

formadon^sn'd ‘“Ofmmation and prevenUng abscess 

■ P‘=‘^ 5 ‘ent urethral fistula be present rvith demon- 
dosSe °o 7 T'”l’r. ‘“8 the gonococci and aiding in a speedy 

abscKs “hatement of the urethriUs. Should an 

stitatei ’ '^'^‘hermy rs contramdicated and surgical drainage in- 

elecLSie^fr?’”'**!™ if “??"“! ‘he Pemle urethra, two small tin 
with the smaller one, which should be just 
sur f ‘o cover the affected area, placed on the posterior 

X directly opposite on the anterior surface, 

strapped m place with adhesive. Usually, not more than 
hour%^^ T's)"’" “ «peated daily for at least an 

fin.'ii periurethritis involving the perineum, an electrode is 

mflamed area on the perineum, and the block Un plate 

Aon „ r*'’® «’^=“ode, employing not more than Soo to 

1200 raa. of current. 

,“hserved diathermy clear up these troublesome peri- 
urethral fistulas where older methods were of no avail. If pus forms, 

It must be drained surgically. 


Acute Prostatitis 

Diathermy is the treatment of choice in the management of acute 
prosmtitis occurring either as a compHcation of an acute urethritis, or 
in at smaller group of cases where the infection is hematogenous 
i^rom disease elsewhere--as influenza. It far surpasses the old time- 
onored methods of applying heat — namely, sitz baths and hot rectal 
aoucnes— -because the heat cmi be actively directed to the prostate 
wt a higher temperature, which is more uniform, and over a longer 
ength of lime. It relieves the patient quickly of the distressing symp- 
oms, including retention of urine, if that be present, and reduces the 
size of prostate rapidly and thereby shortens the duration of the 
disease. Outside of a slight tenesmus, which may be present at the 
prostatic electrode at the first treatment and 
which usually disappears afterward, it has a distinct soothing effect 
upon the patient. In accordance with accepted general surgical prin- 
xk collects forming an abscess, prostatotomy is demanded. 

e older method of passing a sound through the urethra and rup* 
wring the abscess \vith the hope that it will drain into the urethra is 
not ‘ooked upon with favor, but open operation with drainage estab- 
lished to keep from rupture into bladder or rectum. 
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A patient with acute prostatitis is a hospital case, because the effec- 
tiveness of the treatment directed to the prostate in the first few hours 
mil determine the future management. It is here that a portable 
diathermy machine is indicated, for it can be brought to the patient’s 
bed. The patient is placed on his belly, with the larger so-called in- 
active electrode of block tin, approximately 6 by 8 inches, anointed 
with soap lather or K-Y lubricating jelly, beneath the lower abdomen. 
The buttocks are spread, with one hand, and the prostatic electrode, 
copiously anointed with lubricant, is introduced easily and carefully 
into the rectum, directing the concave metal portion to come in actual 
contact with the diseased portion of the prostate, as having been 
previously determined by rectal palpation. This may be turned to 
various areas during the treatment if necessary. Too much emphasis 
cannot be placed upon how skilfully and painlessly the introduction 
of this electrode should be carried out. The patient is particularly 
apprehensive at the beginning of the first treatment, the prostate may 
be exceedingly tender and there may be some tenesmus ■with attempt 
to force the electrode out, but the effectiveness of the treatment de- 
pends upon how accurately the electrode is placed, so the electrical 
heat may be generated at the point desired. Upon not being shocked 
nor hurt, but, on the contrary, experiencing the soothing effects, the 
patient’s morale is raised, and the second treatment will go more easily 
with better cooperation. The thermometer is introduced through the 
shaft of the electrode, which may be held in place with small sand- 
bags above and below it, which also help to steady it. 

The current is increased gradually, taking at least five minutes to 
arrive at a maximum temperature of no® F., or 43.33® C. Above this 
temperature the patient complains of tenesmus and sacral pain, al- 
though the maximum temperature reached has been 112® F. (44.44® 
C.). The temperature registered in the thermometer is ijkS degrees 
less than that generated in the tissues. Even when the patient is 
tolerant of a high temperature, it is difficult to obtain, as the blood 
seems to carry the heat away (aster after a temperature of 109 to 
no® F. is reached. The milliamperemeter may vary from 1000 to 
1800. Many patients may not be able to tolerate this temperature at 
first, but most will be able to bear it if it is gradually attained. In 
some, however, the tolerance will not be that high, and in these the 
patients’ statements must be given as much weight as the thermometer 
m the prostatic electrode. 

The treatment should extend over a period of 40 minutes to i hour 
Of longer, daily, or even twice a day until the acute symptoms dis- 
appear. 

Catheterization may have to be carried out for retention of urine 
and should be done under the strictest aseptic conditions, using a 
catheter which will cause the least amount of trauma, even a woven 
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‘?‘l'eter if necessary, with plenty of lubrication 
prLtotus Tte "">pped during an acute 

Produced remarkable results in our cases of acute 
w A' T*'™ Pr“0"f“>g themselves early enough for pallia- 

Often instituted, prostatic abscess is a rare termination, 

utten, for patients with acme prostatitis refusing to be hospitalized 
rea'lnn diathermy cannot be carried ouUor one 

sSLerddly. 


Chronic Prostatitis 

Chronic prostatitis may result as a termination of an acute pros- 
a i IS, or It may be the product of the insidious extension occurring 
m the majority of cases with an acute urethritis. It may or may not 
symptoms, but with absorption it acts as a focus for a 
5^* symptoms, which will not be relieved until a careful search 
^ prostate as an offending portal, 
time-honored routine treatment of chronic prostatitis wth 
digital massage and total bladder irrigation, supplemented \vith 
oyerdilatation of the posterior urethra, baclerin and protein 
tnerapy, has not produced brilliant results either in a permanent cure 
or the rapidity with which it was accomplished. Indeed, in a minority 
patients who present themselves with a chronic prostatitis, it may 
impossible to get the gland in such a shape that the microscopic 
ammation of the prostatic drop does not reveal pus, even though 
e symptoms may be entirely gone. When a patient asks at the begin- 
expect a cure, the truthful answer of "ira- 
p e to state rarely satisfies, and yet anywhere from *’two months 
wo years with the average of approximately eleven months” is 
even less gratifying. 

which tends to offer a better solution of this inaccessible 
IS welcome, and diathermy has been offered as a means of 
duration of chronic prostatitis. It is carried out in the 
Sm, under Acute Prostatitis, the treatment 

three times a week. Less distress is experienced 
ThTpnf ^ of the electrode and the tenesmus is practically 

■ 40'nnnute treatments should be given (Fig. 4). 

-It chronic prostatitis Is made, first, upon the findings 

pvitiiin Jfic prostate, and secondly, on the immediate 

microscopic field (Vo objective) of the 
fhnn c* w’hite blood cell count of not more 

nrriM ^ being regarded as normal. This examination is 

\rthur ulkiv^y treatment is instituted, but Mac- 

is not necessary between treatments, 
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which should be given in series; in fact, he states that patients who 
have been given prostatic massage before their diathermy treatment 
do not respond as well as those who had none. A patient should be 
given one or two series of eight or ten treatments each and then a 
“check-up” on the prostatic secretion and, if this be abnormal, the 
series repeated. 

MacArthur reports very good results from diathermy in chronic 
prostatitis. Our results like many others are variable, being not nearly 
as striking as in the cases of acute prostatitis. In a fesv, diathermy 
produced a cure, the cell count dropping to normal and staying there 



. 4-"~Dialheiniy in chronic proslalilis. Block tin tlectiode by S in.) beneath 
a aomen. Thermometer in shaft of prostatic electrode repisters iJ4 degrees less than is 
generated in prostate. Prostatic electrode may be held firmly in place by sandbags- 


after repeated examinations at lengthening intervals, but in a majority 
there has been no apparent beneficial result. It is true that the symp- 
toms are relieved, but in other respects the condition is similar to 
that in the cases treated by distal massage, in other words, discourag- 
ing. Perhaps in our series of cases the treatments were not prolonged 
enough, and many of them had received previous prostatic massage. 
v.’as noted that careful attention to technical details gives better 
Again the economic conditions come up; most patients will 
ca necessary and have not the means to have diathermy 

mand iieither do we have the physical accommodations de- 
nied in treating all patients with chronic prostatitis with diathermy, 
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especjally in hospital clinics 

selected cases in which eithe^brUme « h«lhermy for those 
dition It seems indicated. ^ examination or economic con- 


EpIDIDYMITIs 

?f act:‘*SSfStiV,fc“S tJr ‘5- ‘t P- of -es 

included in the group nlinic cases, is 

are amenable to diatLrmy The us‘u^mr‘1-“^ inflammation which 
bed, with elevation by a treatment is rest in 

cold free catharl, Vrd„”‘'£r «g, application of heat “ 
Pocal treatment mist be itonned “jcctions, 

patient for from five to fourteen'dl “sunhy incapacitates the 
condition does not subside iS„^?na'!, P’*®‘‘>«‘ty that if the 

Some urologists do not Wieve in the "ecessitafed. 

Which i„dica.eVfa;%'^fdtTm“^^^^^^^^^^^ be done: ^ 'ns, 

I. In the relief of pain. 

3- R«rrrent'attlcks°' *'‘*’^‘* “f*! palliative treatment. 

4* Bilateral cases 

a: T^ 

jective symptoms tnd spwSfTrerf relieving the sub- 

We have discarded the scrnf-i/it, ‘i;® epididymis to normal, 

electrodes, cut to size id f""’ 

by iMacArthur As the pnlH'rf f*f ffte conditions, as described 

the scrotum, the postrS e!er,!,'‘“ ‘he.posterior surface of 
than the anterior one The elerr this should be smaller 

lubricating jelly and mav hi , “"'“'‘f '*>■ ““P •n'hcr or 

place, held by toe patient ^ '''"'’PPetl with adhesive to hold them in 

The pressure appLX , he on™'®!"'? *5' f’”" ff'S' Si- 
tu place. The tolerance tn l, electrode holds the lower electrode 
no thermometer connection^??! SreaUy in patients. As there is 
from 750 to ' ‘he heat should be raised gradually, using 

minutes to i hour after m.?- ‘’’“'"'ent carried on for at least 40 

times ,h niay be well to reached. At 

»s noticed and then rednr#* th ^ cutaneous discomfort 

lion accompanies the treiinf«!?'^'?'''f^'*''‘'^“''°'"’P’®“rtntsensa- 
not get the d«ired results and f”'' ^ ‘'o 

improves. “ should be given daily until the condition 

tour reports a series of 35 cases of epididymitis, zr of which 
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were hospital patients. In these the average number of days before 
pain had subsided was 1.76, and the number of diathermy treatments 
required to reduce pain was 1.57. The average stay in the hospital was 
6.52 days. The patients were not discharged until all the pain and 
tenderness had subsided, as had the swelling. These patients were all 
in condition to begin local treatment. Average number of diathermy 
treatments was 3.28. There were 14 cases in his private office; the 
length of time to relieve pain was 20 days, and the number of treat- 
ments was 1.9. Entire condition subsided in 6.7 days, with the aver- 
age number of diathermy treatments being 6.1. 



Fig. 5. — Molded block tin ekctrodes in acute epididymitis. Smaller electrode on 
posterior surface and larger on anterior May be held in place by light sandbag or having 
Wbeot hold it. Pressure on anterior electrode keeps posterior electrode in place. 

In 10 of the office cases, posterior irrigations were begun g.8 days 
after onset of the epididymitis, accompanied by prostatic diathermy, 
Without recurrences. In this series of 35 cases, none required opera- 
tn’e interference. In 6 cases the patients were able to carry on with 
their Work after the first diathermy treatment, although one had a 
rewrrence on the third day, which forced him to lay off for a day. 

Our results are by no means comparable to this and. may be 
ns indifferent. It is our experience that in a majority of cases 
he pain usually subsides as soon as the patient stays in bed with 
® evation of the epididymis. The diathermy treatment probably aided 
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especially in hospital clinics. Therefore 
selected cases in which either by time, 
dition it seems indicated. 


we reserve diathermy for those 
examination or economic con- 


Epididvmitis 

Epididymitis, a complication in about 15 to 20 per cent of cases 
ot acute urethritis, with greater prevalence in hospital clinic cases, is 
included the group of circumscribed areas of inflammation which 
are amenable to diathermy. The usual palliative treatment is rest in 
Ded, with elevation by a bandage or strapping, application of beat or 
cold, free catharsis, forcing fluids, and perhaps protein injections. 
L(rcal treatment must be stopped. This usually incapacitates the 
pauent lor from five to^ fourteen days, with the possibility that if the 
condition dow not subside, incision and drainage may be necessitated, 
borne urologists do not believe in the palliative treatment but recom- 
drainage, which results in a shorter hospital stay. 
'V- ^ palliative treatment except in the following conditions, 
wnich indicate tJiat an cpididymotomy should be done: 

1. In the relief of pain. 

2. Cases which do not subside promptly under palliative treatment. 

3. Recurrent attacks. 

4> Bilateral cases. 

5* ^ a greater chance against sterility on the affected side. 

0. To enable the patient to get on his feet sooner. 


Diathermy has been recommended as a means of relieving the sub- 
jectjve symptoms and speedily returning the epididymis to normal. 

e have discarded the scrotal thermophore in favor of two block tin 
electrodes, cut to size and molded to fit the conditions, as described 
by MacArthur. As the epididymis lies under the posterior surface of 
the scrotum, the posterior electrode overlying this should be smaller 
than the anterior one. The electrodes are covered with soap lather or 
Jubncating jelly and may be strapped with adhesive to hold them in 
place, held by the patient or supported by small sandbags (Fig. 5), 
1 he pressure applied on the upper electrode holds the lower dectrode 
in place. The tolerance to heat varies greatly in patients. As there is 
no thermometer connection, the heat should be raised gradually, using 
from 750 to 800 ma., and the treatment carried on for at least 40 
minutes to r hour after maximum temperature has been reached. At 
times it may be well to increase the he«U until cutaneous discomfort 
is noticed and then reduce the cuirent slightly so no unpleasant sensa- 
tion accompanies the treatment. Treatments for a shorter time do 
not get the desired results and should be given daily until the condition 
improves. 

^lacArthur reports a series of 33 cases of epididymitis, 21 of which 
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Inflammation of Sheath of Corpora Cavernosa 

1. The local condition; the urethritis may be treated in the usual 
way or by diathermy^ which will not produce results if a posterior 
involvement has occurred, in which case treatment may be directed to 
the prostate. 

2. To the sterilization of the blood stream and what results may be 
accomplished by chemotherapy. 

3. To the joint. 

Here diathermy produces marked beneficial results, as the heat may 
be accurately generated. Various types of electrodes may be used, but 
the technic must be accurate to obtain results. The wire mesh elec- 
trodes have been advocated because they conform better to the 
irregularity of the joint. Where block tin molded electrodes are used, 
attention has to be given, if the heat is required through the joint, 
that the electrodes are of equal size; but where it is required that the 
heat be nearer one surface of a joint, the smaller electrode should 
be placed over that, area and kept in place by strapping and sandbags. 

The method of a cuff arrangement above and below the joint does 
not work out well, the current going almost through the superficial 
tissues. The various types of molded-to-fit block tin electrodes adapt 
themselves very well. ^ 

The treatments should be from 40 minutes to i hour daily until 
the patient is better, and the amount of current varies with the 
individual, ranging from 800 to 2000 ma. The tolerance of the patient 
is the best guide. 

Chronic Inflammation of Sheath of Corpora Cavernosa 

Chronic inflammation of the erectile tissues of the penis, especially 
of the corpora cavernosa, leads to areas of induration which, although 
pmnless, progress so that erection is difficult and impossible, or accom- 
plished with a marked curvation of the penis. The condition may 
progress until these fibrous plaques become calcareous. The etiology is 
unknown but is often associated with a rheumatic or gouty diathesis. 
The majority of these patients have a chronic prostatitis also. 

The treatment has been most unsatisfactory, with attention to any 
correction in metabolism, prostalic massage, internal administration 
of potassium iodide and often direct injections of fibrolysin, with the 
c-ontiHion oilen becoming progressively worse. 

We have tried diathermy in several of these cases, along with other 
mentioned treatment, and the results have been as good with other 
methods, if not better. If the fibrous plaques are formed as a result 
of chronic inflammation, then in diathermy we have the best means of 
combating this, if seen early enough. The electrodes of molded block 
tin are applied in the same manner as for periurethral conditions and, 
lasting 40 minutes, the treatments are given two or three times a 
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U5 in getting relief, but in accomplishing the rapid reduction of swell- 
ing and getting the patient out of the hospital in six days, we cannot 
record anything like the remarkable results as reported by lifacArthur. 
It has been our belief that it is umvisc to resume local treatment under 
a month, in cases of epididymitis treated palliatively, but where 
epididymotomy has been performed, local treatment can be started 
sooner. We advise all cases of epididymitis to stay in bed, preferably 
in the hospital where they can be watched and where it is possible to 
carry out diathermy as an adjunct to the routine treatment of eleva- 
tion, forcing fluids and possibfy nonspecific protein therapy. 

A distressing funiculitis often accompanies the involvement of the 
epididymis, and this may be treated by placing one electrode over 
the globus minor of the epididymis, while the other is placed over the 
external abdominal ring. This permits heat to extend over the acces- 
sible portion of the vas and should be carried out as previously 
described. 

The question arises, naturally, whether in those cases treated with 
diathermy, the testicular function of spermatogenesis is disturbed. 
MacArlhur, attempting to answer this, was not definitely able to state 
at the lime of his report but Is of the opinion that it is not. There 
were lo cases of epididymitis which were given from one to ten treat* 
merits of diathermy, after which operation was performed and a sec- 
tion of testis removed. In 6 of the lo cases, the pathologic findings in 
the testes were so severe that spermatogenesis was lost, but this could 
readily be due to the intensity of the infection and not to the dia- 
thermy. In 7 of lo cases (one of four treatments and one of six) 
both had active spermatogenesis. In a case of chronic bilateral epididy- 
mitis, in which it was either a case of doing a bilateral epididymectomy 
or treating with diathermy, the treatments were given to both epi- 
didymes, after which all the pain and swelling subsided. One month 
later, semen showed actively motile sperms and this was checked up in 
another similar case and motile sperms found. The consensus of 
opinion is that there is no permanent damage. 

Diathermy should be withheld and epididymotomy employed when 
actual pus formation is present. 

Arthritis 

The acute arthritis, which occurs as a metastatic complication of 
acute gonorrheal urethritis, is a serious affair and demands 
and efficient remedial measures, else the individual may be crippled 
for life. WTiile nearly any joint may be affected, the larger joints ^ 
the knee, ankle, hip and elbow are mostly involved and it may oe 
polyarticular. Synovitis and tenosynovitis may accompany it. 

The treatment should be directed to three main issues: 
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to disturbances of micturition, mostly frequency and perhaps some 
pain at the end of urination. The urine-is usually clear and free from 
pus. The experienced cystoscopist will have no difficulty in diagnosis, 
and the polyps are quickly and easily destroyed by electrocoagulation. 
A large block tin electrode, 6 by 8 inches, is placed beneath the pa- 
tient’s buttocks, then with a No. 6 French Bugbee electrode in the 
cystoscope, the tip is placed in contact with the base of the polyp and 
with a low current it is quickly destroyed. Much better vision and 
manipulation may be obtained by having a continuous stream of boric 
solution flowing to distend the urethra. The current should not be too 
strong, not nearly as much as is used in destroying tumors of the 
bladder, as the posterior urethra is more sensitive and the patient does 
not tolerate this as well. We usually employ local anesthesia only, 
which is obtained by placing a tablet consisting of one grain of novo- 
caine in the posterior urethra with a tablet depositor, which is espe- 
cially designed for that purpose. If the patient is nervous and appre- 
hensive, a hypodermic injection of morphine and atropine is given one- 
half hour before the operation, or some other sedative like sodium 
amytal may be used. Caudal anesthesia has been used and, where the 
occasion demands it, general anesthesia, where due caution must be 
taken in regard to electric sparks and ether if used. 

Usually such growths can be destroyed at one sitting, and the patient 
is advised to return in several weeks for observation. 

The same treatment is applicable and the response equally as good 
in similar diseases of the posterior urethra, as tumors of the verumon- 
tanum, hypertrophy of the verumontanum and granulation tissue in 
the posterior urethra. We have used this bipolar method of electro- 
coagulation in cases of varices or bleeding coming from the posterior 
urethra, in some instances following topical application of silver 
nitrate, when nothing else would control the marked hemorrhage; 
'vith continuous dilatation of the urethra, the bleeding point is sought, 
f^nd, placing the tip of the Bugbee electrode on it, electrocoagulation 
IS accomplished with a low current. 

The interest of urologists has been revived recently in the handling 
of patients suffering from what has been called a median bar, which 
may be either fibrous or glandular. The bladder neck may become 
sclerosed and contracted by fibrous scar tissue, and this may be 
termed fibrous obstruction and may follow prostatectomy. The first 
work and attempt at correction was done by Guthrie just one hundred 
years ago, and it was stated by bim that only those bars or obstruc- 
iions which were not associated with glandular enlargement were 
amenable to the instrumentation he devised before the days of direct 
Vision of these contractures. This method fell into disuse and remained 
ormant until Young brought forth his punch, with which pieces were 
itten out of the bladder neck at various angles until the obstruction 
.‘‘amoved. The great danger in thb procedure was hemorrhage, 
no It has been our custom to do a suprapubic cystotomy and bite out 
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Ceilings has always emphasi2ed that this electrical excision is only 
applicable in fibrous bars and he does not recommend its use in the 
glandular type. The knife-like electrode is introduced through the 
modified McCarthy foroblique panendoscope, and the excision carried 
out under direct vision, which is aided by continuous irrigations 
throughout the operation. 

The patient should be hospitalized and the operation carried out 
under caudal anesthesia, or, as we have ascertained in the last few 
cases, local anesthesia, the drug being given directly into the bar by a 
long needle attachment to the hypodermic syringe, A large block tin 
electrode is placed under the buttocks for an inactive electrode. 

The author states: “The cysto-urethroscope is passed into the blad- 
der. With the bladder partially distended, and the inflow and outflow 
of water regulated, the electrode is engaged upon the bar at 6 o'clock. 
The current is turned on and marked bubbling is noted. The protein 
molecules are exploded by jostling of the high-frequency oscillations. 
The urethroscope and electrode are slowly pulled back cn masse 
until the verumontanum appears. A white furrow about 2 mm. deep 
is seen. The inhrument, with the electrode in the furrow, is then 
pushed forward and through the bladder neck. Working back and 
forth in this manner the groove is gradually widened and deepened. 
Cut until you see the last obstructing fibrous band has been sawed into. 
One can, from the verumontanum, look down a deep valley (perhaps 
1.5 cm. deep) and see the base of the bladder. Persist in your efforts 
until you are satisfied the patient has a wde open bladder neck. If 
this is accomplished, the patient will be relieved. We were all timid 
at first and cut too little. Do not be afraid of the rectum — it is still 
r-S^cm. away (as determined on the cadaver). 

“By turning the knife blade sideways one engages the blade on the 
bladder neck at 5 o’clock. Cut downward and backward until the 
intervening tissue is whittled away. This procedure is repeated at 
7 o’clock. 

‘ The operation can be slowly and precisely performed in about 20 
minutes. 

“There is only a minimal amount of heat penetration beyond the 
line of incision. By microscopic examination we have found tissue 
°^^*‘uction extends only i to 2 mm. beyond the cut.” 

The one drawback to this procedure has been the necessity of an 
apparatus to deliver the cutting current. The ordinary diathermy or 
pigh-frequency machine wll not deliver this current. We now employ 
r same Westinghouse machine as used in the modified 

aulk punch operation. For the visual excision of fibrous bars, this 
instrument is effective, but it is not suitable for the glandular types of 
m neither is it as rapid nor has it as much latitude as the 

i^ined Caulk, which formerly carried this out without direct vision, 
stern conceived the idea of a loop excisor, and in 1926 started a 
o'ement which has been termed variously as transurethral prostatic 
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only factors to be considered in the end-results, even if the remainder 
of the gland undergoes retrogressive changes. 

Bladder 

With the introduction of the high-frequency current presented to 
urology by Dr. Edwin Beer, in iQio, the treatment of benign tumors 
of the bladder was completely revised. The poor results following 
open operation were so discouraging that the profession welcomed this 
new electrosurgical procedure and today it is the accepted mode of 
treatment. It is essential that the correct diagnosis be made, and the 
expert cystoscopist is able in well over 90 per cent of cases to differ- 
entiate between a noninfiltrating benign tumor and an infiltrating 
malignant tumor. Failure to respond to electrocoagulation is sugges- 
tive that the growth is malignant. 

Beer advised the monopolar current, but the bipolar current is used 
mostly now. A large 6 by 8 inch block tin electrode is placed beneath 
the patient’s buttocks to act as an inactive electrode. The cystoscope 
with the Bugbee electrode is passed into the bladder, and the tip of 
the electrode is placed at the base of the narrow pedicle and the 
papilloma destroyed. WTrere the base cannot be seen, the electrode 
is placed against this projecting mass, but the tumor is destroyed 
more quickly when the base can be attacked. When the current, which 
may be used stronger here than in the posterior urethra, is turned on, 
a stream of bubbles arises and pieces of tissue may seem to burst. 
The speed of destruction depends upon the size of the tumor, but most 
papillomas can be destroyed in several sittings. As there is a marked 
tendency to recurrence, approximately 40 per cent, the patient is 
requested to report at three months’ intervals for the first year, six 
months’ intervals the second year and yearly thereafter to check up 
against recurrence. 

When the tumor discovered in the bladder is considered malignant, 
the question of the form of treatment is most important, first, in that 
|he prognosis depends upon how early and accurately the diagnosis 
IS made, and secondly, as there is no universally accepted treatment 
and each case is a study in itself, the procedure employed being 
dependent on many factors. 

There is no accepted pathologic classification of bladder tumors, and 
the cystoscopist should rely upon the clinical classification of malig- 
nancy. The expert cystoscopist is able to give a better opinion than 
anyone else, notwithstanding that biopsy has been advised in doubt- 
nl cases, despite the warning that this may disseminate the growth 
aster. Papillomas are considered potentially malignant and are liable 
0 undpron malignant degeneration if not destroyed. The cystoscopist 
malignant tumors into two types — noninfiltrating and 

family physician rests the responsibility of early diagnosis 


divides the 
infiltrating. 
Upon the 
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resection and punch prostatectomy. Davis proved the practicability 
of loop resection by reporting in 1931 a series of 200 cases with no 
fatalities. Marked improvement had been made in the machines pro- 
ducing the cutting current and in the switching devices to the coagula- 
tion current for the arrest of hemorrhage. ^McCarthy, alive to its 
possibilities, proceeded along scientific lines to produce a unit nearer 
to perfection. Enlisting engineering aid, the “McCarthy surgical unit” 
has been offered as the last word in the tube-set high-frequency 
machine. The controversy has not been definitely settled as to whether 
the tube-set or a spark-gap machine is the better type. It is claimed 
that the tube-set has many advantages over the spark-gap and none 
of its disadvantages, due to its uniformly continuous oscillation, which 
makes cutting smoother. From the practical standpoint in our clinic, 
the cutting and coagulation current, as produced from a portable 
spark-gap endotherm, is very effective. 

A special bakelite sheath is provided for the panendoscope, and the 
resection carried out under direct vision. Jlultiple bites are necessary, 
and usually the first bite is the largest. The patient should have a 
permanent catheter for several days. 

The same careful examination and preparation are as necessary for 
these patients as for those who are candidates for a radical operation, 
where renal and cardiovascular tests besides others have to reach a 
certain standard before the patient qualifies. Most of the instruments 
used for resection are of fairly large caliber (No. 28 French), certain 
urethras tolerate such manipulation poorly and urethral fever results 
as after any other instrumentation; this should be carefully guarded 
against, as well as ascending infection. We have seen several c^es of 
stricture formation follow, particularly near the meatus. ^Vliile^ the 
procedure has been described as bloodless, it may be far from this at 
times. With new improvements in switching from the cutting to the 
coagulating current, muck hemorrhage is controlled wth the coagulat- 
ing electrode and this should be carried out after each bile is removed. 

It takes considerable manipulative skill to become a resectionist, 
even if one is more than fairly familiar >vith the cystoscope, and it 
has been discarded by some after several disastrous attempts. We 
have had and seen certain cases where radical operation had to be 
carried out where attempts at resection had failed for one reason or 
another. 

Not every prostatic enlargement is suitable for resection, and cases 
carefully selected will give the best results. Certain it is that those 
prostatics with intravesical complications such as stone, tumor or 
diverticulum are not suitable candidates. Very large intravesical and 
large mtra-urethral enlargements are difficult to handle and alien 
impossible. 

Sufficient time has not elapsed for ultimate evaluation of this 
procedure, for recovery and relieving of residual urine are not the 



Ureter 


generally regarded as hopeless. In certain clinics the papillary car- 
cinomas are destroyed by cystoscopic electrocoagulation, and radium 
is applied by a cystoscopic carrier, with results comparable to other 
means. Again, radium has been applied in all cases of noninfiltrating 
and infiltrating growths, and results comparable wth surgery have 
been obtained in the earlier cases; attacking those advanced cases 
where surgery is contraindicated, it has relieved the patient of symp- 
toms and e.xtended the duration of life. ' 

Surreal diathermy has been advised for carcinoma of the prostate, 
attacking by the perineal and also suprapubic routes, but has not 
found much favor. The results of treatment of carcinoma of the pros- 
tate are even more discouraging than that of carcinoma of the bladder. 
We used this method on one patient, who died of a severe hemorrhage 
from the prostate three days after operation. 

The best results in carcinoma of the prostate have been in those 
cases which were not suspicioned prior to operation, nor suspected at 
operation, but with the diagnosis made by histopathologic section after 
complete enucleation. 

Those cases which are suspected at operation, but where the gland 
has been completely removed and diagnosed definitely in the labora- 
tory, are next in line. Postoperative roentgen-ray therapy is advised. 
Where the diagnosis is suspected prior to operation, radical removal 
IS not usually advised, except by Young, who recommends extra- 
capsular prostatectomy if the gland has not broken over the capsule. 

Radium has been advised in these cases and may be applied in the 
form of seeds, either by exposing the gland suprapubically and then 
penneally or by implanting through a needle in the perineum. The 
wentgen ray will disclose the exact position of these implanted seeds. 
The histopathologic diagnosis may be made by aspirating some of the 
prostat'ic tissue through a special needle. Roentgenograms should be 
made of the bones and lunas to rule out metastasis before any treat- 
ment. 

The roentgen ray ^vill often relieve the distressing pain in the back 
which may be the first subjective symptom. The prognosis 


^ The treatment for stenosis of the ureteral orifice formerly was in- 
cision, which Was liable to be attended with severe bleeding and which 
|n a few reported cases necessitated cystotomy. This also applied to 
where there was a distinct bulging of the last centimeter 
the ureter due to the occlusion by a stone. 

ureteral orifice can now be slit for any reason by surgical dia- 
ermy through the cystoscope. With the patient prepared as for cysto- 
®^^^°^°hgulation, a special electrode with a small Y-shaped 
P IS introduced into the orifice, and, with the bipolar current the 
uo of the ureter is incised for a short distance. This may be accom- 
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in these cases of malignant tumor of the bladder. With the cardinal 
symptom of often painless hematuria, the patient consults his advisor, 
who too often complacently administers a urinary antiseptic and is 
readily satisfied if the hematuria ceases in a day or two. Insistence 
of cystoscopic examination at this time would do more for the patient’s 
prognosis than our most effective treatment later on. 

With a sessile type of tumor, the best information with regard to 
what extent infiltration has taken place is obtained by an aerocysto- 
gram and a cystogram, which we employ routinely. A roentgenologic 
examination should be made of the bones of the pelvis and spine, and 
of the lungs for possible metas^is, which is late and rare in those 
carcinomas affecting the bladder only, but common in those cases 
associated with carcinoma of the prostate. 

Leading authorities agree that the best results are obtained by 
radical surgery in those selected early cases where the tumor is 
favorably situated for excision, with or without resection of the ureter. 
Total cystectomy with transplantation of the ureters has a high mor- 
tality except in the hands of the most expert. 

In those cases which are either t(» extensive for resection or un- 
favorably situated but yet not too far advanced and without visible 
evidence of metastasis, we advise a combination of a suprapubic cys- 
totomy and destruction of the tumor by diathermy. General anesthesia 
is employed, and an inactive electrode, 6 by 8 inches, is placed under 
the sacrum. The active electrode is selected from several sizes of flat 
disks and screwed on the handle, and the strong current is controlled 
by a foot switch. Due precaution must be taken if ether is used as 
an anesthetic, on account of the sparking by the machine. After 
cystotomy, the active electrode is introduced directly on the tumor 
and it is destroyed by electrocoagulation. The charred tissue may be 
removed by a curet, and the destruction is carried out wide of the 
tumor tissue. lattle attention is paid to the ureteral orifices, and usu- 
ally there is no retention on the involved side. In a series of cases 
treated in this manner a few years ago, we implanted radium in the 
destroyed base, but the results were no belter than in those who did 
not receive radium, so we discontinued it. Roentgen-ray therapy 
should precede and follow this procedure. This combination of surge^ 
and diathermy is not designed primarily to be curative, but it will 
relieve patients of distressing symptoms, improve their condition, in 
some cases allow them to return to their occupation and add a few 
years to their life. We have a few cases where the diagnosis was con- 
firmed by histopathologic section that are living and well five to eight 
years after operation. 

In those advanced cases, any treatment other than palliative has a 
tendency to hasten their end, so we usually resort to roentgen-ray 
therapy and cystotomy when retention occurs. , 

The so-called papillary carcinoma or noninfiltrating type responds 
better to treatment than the infiltrating type; in fact, the latter is 
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did not commence until they had exposed themselves to sunlight, 
following which healing was rapid. 

In the bilateral cases, surgery is usually contraindicated and helio- 
therapy has been advised. Diathermy has been advocated for palliative 
purposes, but mostly frowned upon. In some cases there is a persistent 
and distressing cystitis which resists all palliative measures. Beer 
states that fulguration of these ulcerations and granulations does pro- 
duce temporary relief, and reapplications of the current may be 
necessary. 

Genital tuberculosis, primary in the epididymis and going on to 
suppuration, is amenable to surgery, and epididymectomy is indicated. 
There is a marked tendency to become bilateral. It should be borne 
in mind that the infection in the epididymis may be secondary to that 
in the kidney, and the kidneys ruled out before any surgical procedure 
is carried out. Diathermy is contraindicated. Tuberculin given thera- 
peutically in the form of bacillus emulsion has proved beneficial in 
cases where focal, local and general reaction has been avoided. 

Testicle 

Following the suggestion of Ewing who stated, in 1911, that all 
tumors of the testicle should be regarded as teratomas or mixed 
tumors, we advise radical surgery as soon as diagnosis is made. Mostly 
in young adults in the third decade, the condition is highly malignant 
and the prognosis bad, with metastasis occurring mostly to retro- 
peritoneal lymph nodes within a year, whether or not a radical re- 
section of the lymph nodes up to the lumbar group is carried out. 
The Memorial Hospital of New York City reports encouraging results 
wth the application of radium, but these have not been found else- 
where. 
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panied with the Bugbee electrode if one is expert. Slitting of the 
lower vesical portion of the ureter will often permit the prompt passage 
of stones, which have been lodged at this narrowest portion of the 
ureter. 

^Medical diathermy has been recommended for patients with stones 
in the ureter or kidney, but it is not much used. As heat often relieves 
these conditions, diathermy should be more efficacious, but, in our 
experience, those patients with a ureteral colic require morphine hypo- 
dermically and will tolerate nothing during the attack of severe pain. 

Kidney 

We have had little experience with diathermy in renal conditions, 
but it has been advocated in all those cases where heat was formerly 
employed. As the kidney is closer to the posterior surface, the smaller 
electrode, 4 inches square, is placed over the kidney region, and the 
larger, 10 by 8 inches, is placed on the upper abdomen. The current 
is increased gradually \vith the amperage averaging 1000 to 2000. 
This should be over a period of 40 minutes. 

In tumors of the kidney, diathermy is contraindicated. Early diag- 
nosis as made by chromo-ureteroscopy, pyeloscopy, retrograde or 
intravenous urography indicates surgery with preoperative and post- 
operative roentgen-ray therapy. In those larger hypernephromas which 
are regarded as inoperable, roentgen-ray therapy has a marked tend- 
ency to relieve pain, stop hematuria and produce a marked diminution 
in the size of the tumor. 

Roentgen-ray therapy is indicated also in the mixed tumors of the 
kidney seen in children and where removal cannot be accomplished. 

Genito-urinary Tuberculosis 

Long clinical experience has placed genito-urinary tuberculosis, with 
the primary seat in the kidney, upon a surgical basis. Always second- 
ary to tuberculosis elsewhere, it is spoken of as primary in the par- 
ticular region of the genito-urinary tract that it affects first, usually 
the kidney and epididymis. While theoretically tuberculosis may begin 
as a bilateral affair, it clinically develops as a unilateral affair, and, 
when diagnosis of surgical kidney is made, nephrectomy should be 
carried out. In certain selected, bilateral cases when one kidney is 
only slightly impaired and its fellow more so, the better kidney has 
improved after nephreciomy of the worse one. 

As the condition is systemic, the patient is by no means cured after 
nephrectomy. There is a marked tendency to breaking down of the 
wound. A general antituberculosis regime is advocated — rest, good 
food and fresh air. Under the last head, heliotherapy carefully carried 
out has a distinct place, and it been reported by Bunipus that 
some patients volunteered the information that healing of the wouna 
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PHYSICAL AGENTS IN TREATMENT OF GYNECOLOGIC 
CONDITIONS 

Grant E, Ward, M.D., F,A.C.S. 

SECTION I 
DIATHERMY 

History. — The employment of high-frequency currents for medi- 
cal or surgical purposes has come to us through a long process of de- 
velopment, brought about by the untiring, gratuitous, cooperative 
labors of a group of physicists and medical and surgical investigators, 
to all of whom a debt of deep gratitude is due. As one reviews the 
history it becomes evident that advances were often simultaneous and 
quite independent in widely separated areas, making it difficult at 
times to assign priority in the construction of apparatus and improve- 
ments in technic. Elsewhere the history and physics of high-frequency 
currents and their biophysical effects are given in greater detail than 
IS possible or necessary here; suffice it to define a few terms for clarity. 

Definitions. — Diathermy, in the simplest and most exact sense, 
means “to heat through.” From the word alone no electrical connec- 
tion is evident, but, since its incipiency, diathermy has been used to 
designate that form of heat produced ivilhin the living tissues by 
me passage of a high-frequency current through them, when this heat 
IS not destructive but within physiologic limits. Within the last few 
years radio-tube apparatus have been devised for diathermy treat- 
ments, which create an electromagnetic field between two large plates 
so that when the patient is placed within this field a rise in general 
body temperature to 105 or 106® F. results. 

Electrosurgery, on the other hand, is the utilization of properly 
regulated high-frequency electric currents in the performance of sur- 
gical operations, as in making incisions in normal tissue, excising dis- 
eased areas, or in the desiccation (dehydration) or coagulation de- 
V ^bction. The therapeutic agent is the electrically developed lethal 
eat ivithin the tissues themselves, in contradistinction to the physio- 
ogic heat of diathermy. 

^ Endothecmy is a name coined many years ago but not empha- 
azed or enlarged upon until the notable work of George A. Wyeth in 
924. Some authorities claim for Germany the origin of this word* 
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Obviously with strong currents higher temperatures are generated; 
a happy balance between voltage and amperage must be obtained to 
generate the proper amount of heat without shocking and pain. As 
the application is prolonged the temperature rises to a point where 
the conduction and radiation disperse the heat as rapidly as it is 
formed and a state of equilibrium exists, the given current maintain- 
ing the same temperature, as a rule, and any increase in the current 
strength increasing the heat proportionally. 

Such conditions prevail in a homogeneous medium, but in the body 
certain variations occur due to the different densities of the body tis- 
sues through which the currents pass. The denser tissues offer in- 
creased resistance, allowing less current to flow through with corre- 
spondingly less temperature rise. Tissues vary in density from greatest 
to least as follows; bone, cartilage, ligaments, fascia, skin, muscle 
and fat. Heat is also dispersed by radiation and by conduction of the 
blood stream. 

High-frequency currents are known to travel on the surface of metal 
conductors. That this also holds in the case of organic substances was 
shown by Bettman and Crohn, who worked with bologna sausage, 
observing that the highest temperature registered at the periphery, 
just beneath the skin of the sausage. This then brings about a dif- 
ference of opinion from the theoretic aspect described above. From a 
practical standpoint, however, investigation reveals increases in deep 
temperatures during the application of high-frequency currents, de- 
pendent on the strength of current and balance between voltage and 
amperage; in other words, in spite of the variations in tissue struc- 
tures and densities, temperatures in deeper organs, as the lungs, liver 
and pelvic organs, are moderately raised by diathermy currents, the 
depth of this temperature and its exact location being determined by 
the size, shape and location of the electrodes. Bettman and Crohn 
further demonstrated that when agar-agar is the homogeneous con- 
ducting medium, temperatures occurred midway between equal-sized 
electrodes or nearer the smaller of two electrodes of different area. 
If a piece of bone or other nonconducting substance is placed in the 
center of the agar, the electromagnetic waves are bent around the 
bone, and a concentration of current with a greater rise in tempera- 
ture appears at the periphery of the bone. E. A. Weinberg and the 
author (unpublished) have confirmed these observations in living dogs 
by inserting a clinical thermometer in a hole bored in the bone of the 
foreleg and another in the surrounding soft parts, while diathermy 
"■as applied, higher temperature readings being obtained in the soft 
parts next to the bone. 

Diseases. — In discussing the use of diathermy in gynecology, the 
writer will refer freely to the work of Corbus and O’Conor, and 

nomas H. Cherry and others (see bibliography). In spite of some 

ooretic and laboratory evidence to the contrary, heat penetration is 
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others, that Hr. Kurt Stoyc, a physicist, was the first to utilize 
it. Endothermy literally means ‘‘heat from within.” Wyeth calls 
electrodesiccation “monoterminal endothermy”; electrocoagulation, 
“biterminal endothermy"; and the cutting current, “endotberm knife.” 
Further differentiation of electrodesiccation, electrocoagulation and 
cutting is given under “electrosurgery.” 

The term “uniterminal” refers to one cable connection between the 
small active electrode and the instrument, the patient acting as a con- 
denser, disseminating the current, which then returns to the generator. 
“Biterminal” , infers two direct connections between patient and ap- 
paratus: (i) a small active electrode, concentrating the current to 
raise the local temperature within physiologic limits (diathermy) 
or above that lethal to the tissues (eleclrosurgery), and (2) a large, 
inactive or plate electrode in close contact with the patient’s skin at 
a point distant from the treated area. Frequently, two equal electrodes 
are employed to raise uniformly the temperature of a part of the body 
or extremity. In medical literature the words “bipolar” and “mono- 
polar” were extensively used, but as there is no polarity to a high-fre- 
quency current such terms are erroneous. 

Physiology. — The physiology of heat is thoroughly discussed in 
Volume I. Diathermy heat is, because of its mode of production, much 
more penetrating than that from any other source. As high-frequency 
currents pass through the tissues, heat develops within them, differ- 
ing in this way from the radiation and conduction heat of hot instru- 
ments applied to the surface of the body, as Imt-water bottles, hot 
baths, the Paquelin or electric cautery, etc. Painstaking clinical and 
laboratory researches have proved that this heat penetrates to practi- 
cally any depth of the body and raises the temperature of deep- 
seated organs. Therapeutic temperatures of ro8® F. can be obtained 
in the urethra and rectum, and iii® F. in the cervix. With this eleva- 
tion there is pari passu an increase in the oral temperature from 0^5 
to i.o degree. Such temperatures produce the familiar physiologic 
effects of dilatation of blood vessels and increased circulation, and 
have sedative effects upon the nerve endings and relaxation of the mus- 
cles. These effects bring the body defense mechanisms, leukocytosis 
and swelling of the tissues with exudation of blood plasma, to fight 
disease or promote repair processes. Certain authors claim a most im- 
portant function to be the germicidal action upon invading organisms, 
particularly the gonococcus, noted for its susceptibility to moderately 
high temperatures, but more recent investigations disprove this as- 
sumption. The above facts place diathermy among the standard treat- 
ments of gynecologic diseases. 

The degree of heat applied is under the direct control of the opera- 
tor, being varied by (i) size of the electrodes, (2) densities of the 
tissues treated, (3) amount of current utilized, and (4) duration of 
application. 
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and relief of pain from reduction of pressure upon nerve filaments. 
Likewise in turn, a rapid absorption of the exudate follows the in- 
creased blood flow, together with mobilization of the body’s natural 
defense resources. Since the inflamed adnexa usually prolapse into the 
culdesac of Douglas, Cherry performed a series of experiments to as- 
certain temperature rises here. With an abdominal electrode measuring 
i8 by 12.5 cm. and a vaginal electrode, the exposed surface of which 
measured 5 by 3 cm., the temperature of the culdesac was elevated to 
48° C., while the vaginal temperature registered 44® C. For this treat- 
ment a special electrode (Fig. i) is made with a hole drilled near 
the surface for the exposure of the thermometer bulb to the vaginal 
tissues. Through this contrivance, by adding two degrees to the tem- 
perature registered in the vaginal tissues, he estimated the approxi- 
mate degree of heat in the adnexa and, with such a technic, treated a 
series of 100 cases with disease of the tubes or ovaries, or both. 

In spite of the fact that electrotherapisls and authorities on physio- 
therapy have continually warned against using diathermy in pus-con- 
taining cavities with no outlet for drainage, it seems reasonable to 
Cherry to assume that if gonococci were the exciting factor producing 
such a condition and if a penetration of the diseased structure by a 
heat of 46® C. could be obtained, the causal agent would be destroyed, 
with incidental reduction in the inflammation. Such specific heat 
effects are questioned by Scheffey and others. Improvement by this 
reduction in infection and the active hyperemia was realized in a large 
percentage of Cherry’s lOO cases. Diagnosis was made either by ob- 
taining positive smears from the urethra and cervix in most of the 
patients or, in others with negative smears, by numerous pus cells 
and a history of subacute or chronic urethritis, endocervicitis, skeni- 
tis or bartholinitis. The degrees of pelvic involvement varied from 
small, thickened, tender adnexa to large pus tubes or tubo-ovarian 
abscesses entirely filling the pelvis. Twenty-three of the patients had 
adnexal disease without masses and 77 had adnexal disease with 
masses. 

The results in this series of cases are so remarkable that a few 
tigures are of interest. In all there was practically instant relief of 
Pam. The masses disappeared entirely in 18 of the 77 and were re- 
duced in size in 14 more, a total improvement of 32, or 41.5 per cent, 
the complete disappearance of the inflammatory tumor seemed more 
w-here there was an initial attack of adnexal infection, 
"mle in the chronic ones the reduction in size and subsidence of the 
^ute symptoms made the lesions practically innocuous, although re- 
palpable, requiring, more prolonged diathermy. Forty-nine 
the 77 were entirely relieved of symptoms, operations being un- 
or refused; the other 28 were operated on. At operation 
"'0/0 found to be hyperemic, soft, edematous and smooth, 
,*”0 adhesions vascular and thin in contradistinction to the thick- 
d, fibrous type so frequently encountered in chronic pelvic in- 
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and relief of pain from reduction of pressure upon nerve filaments. 
Likewise in turn, a rapid absorption of the exudate follows the in- 
creased blood flow, together with mobilization of the body's natural 
defense resources. Since the inflamed adnexa usually prolapse into the 
culdesac of Douglas, Cherry performed a series of experiments to as- 
certain temperature rises here. With an abdominal electrode measuring 
i8 by 12.5 cm. and a vaginal electrode, the exposed surface of which 
measured 5 by 3 cm., the temperature of the culdesac was elevated to 
48° C., while the vaginal temperature registered 44® C. For this treat- 
ment a special electrode {Fig. i) is made with a hole drilled near 
the surface for the exposure of the thermometer bulb to the vaginal 
tissues. Through this contrivance, by adding two degrees to the tem- 
perature registered in the vaginal tissues, he estimated the approxi- 
mate degree of heat in the adnexa and, with such a technic, treated a 
series of 100 cases with disease of the tubes or ovaries, or both. 

In spile of the fact that electrotherapists and authorities on physio- 
therapy have continually warned against using diathermy in pus-con- 
taining cavities with no outlet for drainage, it seems reasonable to 
Cherry to assume that if gonococci were the exciting factor producing 
such a condition and if a penetration of the diseased structure by a 
heat of 46® C. could be obtained, the causal agent would be destroyed, 
with incidental reduction in the inflammation. Such specific heat 
effects are questioned by Scheffey and others. Improvement by this 
reduction in infection and the active hyperemia w’as realized in a large 
percentage of Cherry’s 100 cases. Diagnosis was made either by ob- 
taining positive smears from the urethra and cervix in most of the 
patients^ or, in others wth negative smears, by numerous pus cells 
and a history of subacute or chronic urethritis, endocervicitis, skeni- 
hs or bartholinitis. The degrees of pelvic involvement varied from 
small, thickened, tender adnexa to large pus tubes or tubo-ovarian 
abscesses entirely filling the pelvis. Twenty-three of the patients had 
adnexal disease without masses and 77 had adnexal disease with 
masses. 

The results in this series of cases are so remarkable that a few 
ngures are of interest. In all there was practically instant relief of 
5^*^- The masses disappeared entirely in 18 of the 77 and were re- 
duced in size in 14 more, a total improvement of 32, or 41.5 per cent. 

he complete disappearance of the inflammatory tumor seemed more 
where there was an initial attack of adnexal infection, 
While m the chronic ones the reduction in size and subsidence of the 
^ute symptoms made the lesions practically innocuous, although re- 
P^^Phble, requiring. more prolonged diathermy. Forty-nine 
ner ^ entirely relieved of symptoms, operations being un- 

refused; the other 28 were operated on. At operation 
hyperemic, soft, edematous and smooth, 
cneH "fiK vascular and thin in contradistinction to the thick- 

a. hbrous type so frequently encountered in chronic pelvic in- 
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flammatory disease. Consequently, operation was greatly facilitated, 
the tumors being readily delivered with a minimum of trauma to sur- 
rounding structures. The contents had been reduced by the treatment 
to a thin, watery, straw-colored fluid instead of the usual thick, 
creamy, purulent exudate, and all cultures were negative. The lessened 
operative trauma made convalescence free from discomfort and pain, 
vomiting and distention. Only two wound infections occurred — 7.7 
per cent as against 30 per cent wound infection in a large series that 


Surface Electrode 



Fic. 2r--Application of Cherry's vaginal electrode “A” for ccivical and adnexal infccUon. 
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had no preoperative diathermy treatment. In summary, Cherry says; 
“I would venture the assertion that diathermy is probably the most 
satisfactory available agent for the conservative treatment of pelvic 
infections due to the gonococcus. It relieves pain, diminishes the pelvic 
masses and aids in complete resolution. Used as a preoperative thera- 
peutic measure, it wll eliminate many of the technical difficulties in 
the removal of large pelvic masses and thereby contributes a smoother 
convalescence. Incidentally the percentage of postoperative wound in- 
fections is lessened.” Further investigation and verification of these 
results should be carried out in our larger clinics. 



4. — Chapman electrode in place treating cer\ix and adnexa. (Courtesy of Journal 
of Radiology.) 

There are data at present insufficient to state whether pelvic infec- 
tions other than those of gonococcal origin, such as follo^v parturi- 
hon or abortion, will yield so readily to diathermy. The little available 
evidence seems to point in the adverse direction. The streptococcus, 
staphylococcus or colon bacillus requires a temperature of 58 to 60° C. 
or destruction. Diathermy, through the pelvis, raises the tempera- 
ure insufficiently to have any specific effect on these bacteria and, on 
e contrary, seems to aggravate the symptoms. The degrees of heat 
‘^'eloped produce a suitable cultural temperature in which these 
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bacteria tlirive, pelvic peritonitis and other complications following; 
tlie diagnosis of the organism is therefore extremely important. 

Technic of Diathermy Application in the Pelvis. — ^The pelvic 
application of diathermy is carried out in one of several ways: (i) 
Two large equal electrodes are placed one on the abdomen and one on 
the sacrum, with a consequent temperature increase midway between 
the electrodes. Inasmuch as the temperature is to be concentrated as 
near as possible in the culdesac and around the cervix, the abdomino- 
vaginal application is more practical. { 2 ) Several special electrodes 
have been devised for application to the cervix and the vaginal vault, 



Fig 5 — Roblcc electrode No. i — a bivalve Gta’.'cs speculum placed in an upside- 
dow n position, the handle acting as a binding post lor connectian of Ihc electric tennm^- 
Tbermometers in urethra, rectum and cervbc, measuring temperatures of to8 *' 

(4? a to 42 78' C ) in rectum and vagina and loa,^ to 103* F. (39,16 to 39-44 

this being the nearest approach to the prolapsed diseased adnexa m 
the culdesac. {3) Another method is the abdominorectal application, 
giving less favorable results. The accompanying illustrations (Figs. 
2 to 8) show better than description the methods of applying the elec- 
trodes. In the treatment of gonorrheal urethritis the Cofbus electrode 
(Fig. 9) is applied through the urethra with a pad on the abdomen, 
or beneath the sac'-iiai. 
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In the abdominovaginal or abdomino-urethral application a ther- 
mometer is contained in the active electrode, as a guide to the tem- 
perature rise. Accurate approximation of the electrodes, both on the 
surface and in the cavity treated, is important. The large pad elec- 
trode, usually consisting of block tin, is covered with green soap for 
accurate contact and held firmly on the abdomen by belt or sand bag 
— not necessary for sacral application, as then the patient lies on the 
electrode, assuring even contact with the skin. Any irregularities on 
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bacteria thrive, pelvic peritonitis and other complications following; 
the diagnosis of the organism is therefore extremely important. 

Technic of Duthermy Application in the Pelvis.— The pelvic 
application of diathermy is earned out in one of several ways: (i) 
Two large equal electrodes are placed one on the abdomen and one on 
the sacrum, with a consequent temperature increase midway between 
the electrodes. Inasmuch as the temperature is to be concentrated as 
near as possible in the culdesac and around the cervix, the abdomino- 
va^nal application is more practical. (2) Several special electrodes 
have been devised for application to the cervix and the va^nal vault, 



Fig. s — ItobJce electrode No. i — a bivalve Craves speculum placed in an upade- 
down poaUon, the handle acting as a binding post tor tonnectlon of the electric terromw. 
Thennoirieten in urethra, rectum and ettvix, measuring temperatures of Jo8 
(42.ji to 42.78" C.) in rectum and vagina aod 102.5 to 105* F. (39-*^ ^ 39-44 

Ibis being the nearest approach to the prolapsed diseased adnexa in 
the culdesac. (3) Another method is the abdominorectal application, 
giving less favorable results. The accompanying illustrations (Figs. 
2 to 8) show belter than description the methods of applying the elec- 
trodes. In the treatment of gonorrheal urethritis the Corbus electrode 
(Fig. 9) is applied through the urethra with a pad on the abdomen, 
or beneath the sacrum. 



BibUography vo‘S?.iil H 

the temperature rises above this, the current is reduced to maintain 
the desired degree of heat. The treatment is continued for from 15 to 
30 minutes and repeated at three to five day intervals, until improve- 
ment becomes stationary. Endocervicitis, usually coexistent wth the 
adnexal disease, receives treatment while the pelvis is diathermized. 
After the intrapelvic disease has cleared up, any lingering chronic 
infection requires electrocoagulation, to be described in a subsequent 
paragraph. 

Diathermy for acute gonorrheal urethritis is not firmly established 
but should be mentioned because of beneficial results in certain cases. 
Treatment is by the use of the Corbus thermophore (Fig. 9), a small, 
round instrument with a tapering, metal tip an inch and a half to two 
inches in length, carrying a thermometer in its center. Application is 
directly Vrithin the urethra, with a large inactive pad beneath the but- 
tocks. The urethral orifice is cleans^ with boric solution, and the 
sterilized thermophore inserted and held in place by a suitable clamp 
fastened to the table. Treatment is continued for from 15 to 30 min- 
utes at ,a temperature of 41® C. (800 to 1,000 ma, of current) and re- 
peated in from three to five days until urethral discharge has sub- 
sided. The current is increased slowly, taking about eight minutes to 
reach the desired milUamperage and temperature. 

_ The destruction of infection in Skene’s glands requires a true sur- 
gical procedure but is discussed here because of its close association 
with gonorrheal infections of the other pelvic organs. The periurethral 
tissues are cleansed with a mild antiseptic, and 2 per cent novocaine 
injected at four points about the urethra. A needle-like electrode, car- 
rying either a fairly strong uniterminal current of rather high amper- 
age or a moderately strong biterminal current, is inserted the full 
length of the gland until a whitish, coagulated area appears about the 
This insures complete destruction of the infection and the epi- 
thelial lining of the gland. Argyrol, 10 per cent, is applied to the 
urethra about twice a week until healing occurs in two to three weeks. 

The literature contains many reports of the use of diathermy in 
the treatment of dysmenorrhea, with highly satisfactory results, the 
blood flow accounting for the improvement. It is also stated 
hat amenorrhea, when due to hypoplasia of the endometrium, is 
greatly benefited by the dilatation of blood vessels (Theilhaber). 

uthmann, I. de Ruben and others vouch for the symptomatic im- 
provement in vesical o^jeefionj, particularly cystitis. Here the muscu- 
spasm is relieved and painful urination or incontinence eliminated. 
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the surface cause uueven concentration of the current with uncom- 
fortaUe sparking or, in some, a burn. The electrodes are now con- 
nected to^the machine and the current turned on, beginning around 
200 to 250 ma. and slowly Inereasing unUl vaginal 
42 or 43° C. This usually requires t,ooo to 1,500 ma. of current. I 




Fig. 9.— Coibus tliErmophore consislins ot thin cm. by i era- 

end, measuring s mm. in diameter. A bard-inbber sraem, * *” ^ q insulated ter- 
and allou's extension of 4 em lor ingrtion “™‘, [, ihennometer inserted to 

minal provided for attachment of »blc supplying ^ ^as been found that 

lull depth ol shell and readings io insure its proper pef- 

grtat accuracy is necessary m consltucnng u,. goo to r.ooo ma, will 

formancc. Any small diathermy machine “J’/v c„b„s and O’Conor, and 

produce heat cnouch to apply the thermophore. (Courtesy ot v. 

Bruce Publishing Co.) 
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The first electrosurgical current was uniterminal— only one wire 
and one electrode connecting the patient with the generator. This 
“fulguration” current is of high voltage (potential) from a long spark 
gap and correspondingly low amperage (volume of current). The ef- 
fective heat penetration of such current is limited, and soon its ineffi- 
ciency for the destruction of any large amount of diseased tissue was 
realized. During years of development the voltage has been reduced 
by shortening the spark gap and altering the transformer, there being, 
pari passu, a perceptible increase in amperage. Higher frequencies 
were obtained wth the shorter spark gap and still higher frequencies 
with the introduction of a multiple gap (Clark). The present-day cur- 
rents are much more powerful than the earlier ones, destroying readily 
to a depth of 2 or 3 mm. in a short time, longer contact coagulat- 
ing tissue to 1.5 cm. from the point of application when necessary. 
Along with this development of such powerful currents came the ad- 
vent of electrosurgical cutting, first popularized by George A. Wyeth, 
so useful in sealing capillaries and lymph vessels as the incision is 
made. 

Electrodesiccation 

EtfictcQdesiccaUon, as ll«, name Implies, is the dehydration of tissues 
by the heat developed within them during the passage of a high-fre- 
quency current. William L. Clark of Philadelphia, first to employ this 
term, uses it to designate that form of tissue-destruction caused by the 
passage of a uniterminal current of high amperage and low voltage 
(short spark gap). The cells are devoid of water (dehydrated) and 
appear elongated and shriveled under the microscope, the cell outline, 
however, being still visible. These changes are most marked in the 
heat-sensitive tumor cells. 

The author studied the histologic changes effected by electrosurgical 
currents, in an effort to confirm Clark’s work, and found that by 
varying the strength (amperage and voltage) and time of application, 
electrodesiccation could be obtained with either a uniterminal or bi- 
terminal current, much less time being required, however, for desicca- 
tion with the stronger biterminal current. In the literature, however, 
the term desiccation usually means the dehydration of tissues with a 
uniterminal current; that is, a current delivered to the patient through 
one electrode and one wire from the generator, the patient dissipating 
e current through the air back to its source. 

Electrocoagulation 

^ Electrocoagulation was first employed by E. Doyen of Paris about 
907, who enlarged upon the fulguration of Reviere, Pozzi and de 
by changing the electrical connections to the patient 
“y ^sing more powerful transformers. Two wires connect the 
b erator to the patient, one to a large pad beneath the back or but- 
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SECTION II 

ELECTROSURGERY 

The use of high-frequency, oscillating electric currents as physical 
agents in performing any surgical operation is called “electrosurgery 
in contradistinction to the usual surgery wth the cold, sharp scalpel. 
Under “diathermy” a careful differentiation between it and electro- 
surgery is made. There are three electrosurgical currents, designated 
by their effects, desiccation (dehydration), coagulation and cutting. 
Electrosurgical currents are alternating in character, i.e., their direc- 
tion of flow changes many times per second, and because these alter- 
nations are so numerous, usually 750,000 to 1,000,000 and at times 
3,000,000 per second, the term AigA frequency is used to distinguish 
the current from the low frequency commercial currents of ordinarily 
60 cycles, or 120 oscillations per second. The higher the oscillations, 
the smoother the current, with less muscular response and more effec- 
tive application. These currents are of varying voltage and amperage, 
depending upon the needs. 
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homogeneous mass. The tumor cells, being more sensitive to heat, are 
affected first, forming large masses of granular debris within a hyalin- 
ized stroma; the stroma is more resistant to heat and slowly destroyed. 
In the usual specimens the connective-tissue stroma is seen as a fused 
translucent eosin-staining matrix of hyalinized material with partially 
destroyed nuclei scattered here and there. The blood vessels contain 
clots adhering to the heat-damaged wall. Coagulation may be obtained 
by a heavy uniterminal current of high amperage and applied for a 
considerable length of time, as compared to that necessary for desicca- 
tion. Usually, however, electrocoagulation is accomplished with a bi- 
terminal current generating high destructive temperatures, the tissues 
actually boiling in their own juices. This type of destruction is used 
for large tumors, whereas desiccation is sufficient for small, benign 
and malignant ones. 


Electrosurgical Cutting 

Electrosurgical cutting currents were first experimented with by Lee 
de Forest in 1908 and later by others, but without practical applica- 
tion until the thoroughgoing studies of George A. Wyeth, who has so 
aptly popularized this important surgical adjuvant. Tissues are easily 
and quickly severed by currents of higher frequency than that re- 
quired for desiccation or coagulation, for example, 1,500,000 to 
2,000,000 oscillations or more per second. For the smoothest cutting 
the oscillations should be as nearly equal as possible, notably, those 
from radio tubes which are undamped, that is, of equally sustained 
oscillations, without rest periods between them. Currents from a 
spark-gap generator are damped; that is, the oscillations are in 
chains, each oscillation in the chain being consecutively shorter 
than the previous one until the zero line is reached with a rest period 
following, allowing the current to pile up on each side of the gap 
until sufficiently powerful to jump it, when oscillations again occur 
with similarly decreasing height. (Desiccation and coagulation cur- 
rents are usually of the damped variety.) Primary union following 
electrosurgical cutting demands less penetration than for coagulation 
or desiccation and is obtained by lower voltage and higher frequency. 
With a carefully balanced cutting current, incisions are made with as 
little as one-tenth of a millimeter destruction of tissue at the skin edge 
(Ward, using Wyeth’s endotherm, where radio tubes are source of 
current). By increasing the strength of the current, any desired 
amount of penetration from this superficial effect up to that necessary 
to stop bleeding from small vessels is obtainable, and with spark-gap 
generators on to flashing currents causing destruction to one or two 
millimeters on each side of the incision. With such a current, of course, 
primary union is usually impossible, these currents being for the re- 
moval of massive, ulcerating malignancy, where wound closure is im- 
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locks and the other to the active, surgical electrode, which in his prac- 
tice was a small disk. At present, most surgeons employ either a 
needle, a flat blade with or without a sharp cutting edge, a blunt rod, 
a small ball, a wire loop or other form of small instrument, increas- 
ing the current density at the point of contact (Figs. lo, ii). Electro- 
coagulation, as its name implies, results from the actual heat coagula- 
tion of the tissue-protein, which appears under the microscope as a 







O 


L_ . 
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Fic. 10. — Assortment of active electrodes; curved, flat, diminutive knife Uadfa, con- 
venient in resecting tumors difficult of approach; varying azes of electtosursiwl loo^ 
for scalloping out otherwise inaccessible tumors; coagulating ball electrodes; adjustawe 
handle. 



Fic II. — GroH clectrosurgical kmfe with interchangeable Baid-Parker blades. 
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Robbins and Leabury describe the way to treat chancroids: a 25 
per cent solution of copper sulphate in distilled water is applied for a 
few minutes, after which the lesion is desiccated well beyond the dis- 
eased margin. A light antiseptic dressing is placed over the sore and 
in a few days the foul sloughing ulcer exhibits a healthy granulating 
surface. 

Pruritus vulvae, a most distressing and resistant disease, calls for a 
thorough search of the general physical condition and study of the 
blood chemistry to exclude constitutional causes. If none is found, 
electrosurgery comes to the relief of the suffering patient. The current 
strength and the method of application depend entirely upon the 
extent and depth of the disease. Superficial and less extensive involve- 
ment calls for the active, point electrode carrying a uniterminal cur- 
rent to be played over the surface until white desiccation, appears. 
Moderately deep-seated diseases require that the needle touch or 
slightly penetrate the skin. The duration of application may be short- 
ened when desired by using a flat, disk-like active electrode, treating 
larger areas at a time. This instrument is placed in direct contact with 
the skin until blanching occurs and then moved to an adjacent area. 
The after-care is a daily application of an antiseptic salve, such as r 
per cent yellow oxide of mercury or mercurochrome, until the desic- 
cated tissue comes away to be replaced by normal epithelium. 

In the more extensive cases, where the entire vulva and adjacent 
portions of the thigh or the perianal region are involved, more radical 
procedures are necessary. The cutting current is efficacious in excising 
the disease, with a wide margin in normal tissue, the edges being 
brought together with suture for primary union, when a fine current is 
used. Stronger currents, advisable when ulceration is present sugges- 
tive of malignancy, prevent primary union, the wounds healing by 
granulation. The skin and subcutaneous fat are so redundant that 
contracture of large wounds is not disfiguring, the edges being gradu- 
3 "y pulled toward each other, limiting the amount of cicatrix which 
IS always soft following eleetrosurgery. Occasionally after extensive 
opwations, skin graft is necessary. 

Cysts of Bartholin's glands call for removal of the entire wall, which 
prior to the advent of eleetrosurgery meant resection, usually under a 
general anesthetic, and considerable hospitalization. Several years ago, 
he author, while treating a case of ranula, hit upon the idea of destroy- 
ing the epithelial lining with a uniterminal current, allowing the walls 
0 fall together and heal by granulation. Such a splendid result was 
h cysts and epithelial-lined cavities in other parts of the 

ouy have been successfully attacked in the same way. Small Bartho- 
in-gland cysts are treated under local anesthetic in the office; larger 
jl^^hally require general anesthetic and short hospitalization, 
a St the cyst be small or large, the technic is the same (Fig. 12), 
opening the cyst and evacuating the contents, 
epithelial lining is then thoroughly destroyed by a strong desic- 
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posple anyway. The sterile, dry coagulum, r to 2 mm. thick, pre- 
vents reimplantation or dissemination of cells 

In electrosurgical cutUng a tiny arc should be maintained between 
the el^trode and the tissues; pressure obliterating this arc dissemi- 
nates the current so rapidly that cutUng is slow and with much de- 
struction. A new sense has to be learned by the surgeon—that of very 
delicate application of his electrode and rapid drawing of it over or 
through the tissues. 

Application op Electrosurgery 

Vulva and Vagina . — Small benign tumors are promptly destroyed 
by a d^iccating current under local anesthesia. The method of anes- 
thesia IS optional, and the needle electrode, carrying a current of 
proper strength for the size of the tumor, is first played around the 
edges to cut off any dissemination of cells, should there be suspicion 
ot early malignant change. The rest of the tumor is then dehydrated, 
curetted a\v^ with a small suitable curet and the base redesiccated 
to suincipt depth, destroying all cells which may be growing out into 
normal tissue. j o o 

A method of indirect application is sometimes employed where the 
^tient grasps a large, tubular electrode or lies on an “inactive” pad. 
ine operator then touches the diseased area with a needle, the cur- 
passing through it and the operator, who acts as a condenser, 
neat is developed within the lesion, where the current is concentrated 
as in the direct method, with the same destructive effect. The de- 
nydra^ tissue is then curetted away as before and the current re- 
applied if indicated. 

An anti^ptic solution applied wth a small cotton applicator insures 
against subsequent infection of this now sterile scab. I prefer Scott’s 
mercurochrorne,* Bohiman’s gentian f or 7 per cent iodine. 

ror small lesions no dressing is necessary. Larger or multiple ones 
require the usud surgical-wound care during the healing period, which 
las^ from ten days to three weeks, depending upon the extent. 

Jsinciair Tousey describes painless removal of small skin tumors 
VI out anesthesia. Pedunculated ones are damped at the base and 
the active electrode applied to the distal portion, the current (uni- 
only traversing the insensitive growth. If the 
<1, *4 ^ ^orved pair of forceps (Tousey-Baffie) is so placed 

between its jaws, the active electrode then being 
a biterminal current, the forceps completes 
operator, who is, in turn, connected to the 
the operator^^ current is uniterminal the forceps is grounded through ' 

55 * Gm.; diitiJIed water, 3 $ cc.; alcohol, 

55 ''*®‘*** “ : distilled water, 3 S cc.; 95 % alcohol. 
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dated with rapid healing where tissues are loose and freely movable. 
A thorough application of radium should be given first, then under 
general anesthesia the involved area removed with a wide margin of 
safety, using the strongest cutting current, and the base of the wound 
resterilized by coagulating to a depth of two or three millimeters, 
eradicating all outgro^ving cells and those spilled during the operation. 
The coagulum is now painted with an antiseptic solution, such as 
previously mentioned, and the wound kept well protected with the 
proper dressings. The sterile coagulum comes away in from one to two 
weeks, allowing the development of rapidly gro\ying granulations for 
epithelialization. By combining these two therapeutic agents, complete 
eradication of the disease is more certain, and, in addition, electro- 
sur^cal removal counteracts the sclerosing action of the radium on the 
vessels, permitting more rapid healing or earlier plastic repair and 
softer scars. 

Urethra. — Electrosurgery furnishes a quick, sure method of re- 
moval of the most painful urethral condition — caruncle. Except in 
highly nervous patients the operation is performed under local anes- 
thesia in the office. A one or two pec cent procaine solution injected 
on all sides blocks the urethra. The smaller caruncles are simply desic- 
cated down to the urethral wall and allowed to slough away; larger 
ones are grasped with forceps and carefully resected ^ith a fine cut- 
ting current. Frequently, redundant urethral mucosa, likewise eradi- 
cated by electrosurgery, Is mistaken for caruncle. The redundant 
mucosa is dissected away under local anesthesia, or desiccated back to 
normal tissue. Corbus and O’Conor describe a method of utilizing a 
narrow, flat electrode, placed consecutively in four radial positions, 
destroying a small area of mucous membrane in each of the four 
quadrants of the urethral orifice. As healing and shrinking take place 
the redundant mucosa is drawn into normal position. 

Urethral polyps, usually small, are readily removed under local 
anesthesia with a desiccating current, thoroughly dehydrating the 
pol^ which sloughs away in a few days. Should the polyp be large or 
[malignant, its base can be cut through with a cutting current, remov- 
ing the tumor en masse, and then the base coagulated. 

Following all of these urethral operations, healing takes place in 
irom ten days to two weeks, the patient experiencing very little pain 
except in the exceptional case. Local application of procaine or cocaine 
ointment will relieve all pain. Usuallj’’, however, postoperative treat- 
ment IS limited to ordinary cleansing measures. 

Cervix . — Chronic endoccrvicitis is the most common disease which 
onjronts the gynecologist. It is now recognized that the usual medical 
reaiment of chemical antiseptics, tampons, etc., is only palliative, ex- 
ba ", infection is superficial and has not penetrated to the 

e of the glands. To cure the infection which over a long period of 
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cating'or coagulating current, as the occasion demands, usually ap- 
plied on a blunt or ball electrode, complete and accurate penetration 
into every nook and crevice of the collapsed wall being imperative. 
The cavity is then painted with Bohlman’s gentian, packed \vith iodo- 
form gauze and dry dressings applied. Daily application of the gentian 
and iodoform gauze is continued until the slough separates, the gentian 
then being discontinued, allowing healthy granulations to fill in and 
close the defect. 



Fic. 12. — Electrosurgical incision of Bartholin’s gland cyst. Insert — Coagulation of 
epithelial lining. 

In treating accessible malignancy such excellent results are obtained 
by radium therapy that it must always be considered. Many malignant 
tumors of the vulva and vagina are completely eradicated in the 
earlier stages by the thorough application of radium. (See Sect. HI.) 
It is especially desirable in the treatment of vaginal malignancy, where 
exceptional improvement occurs, surgical resection even with high-fre- 
quency currents being technically difficult and fraught with marked 
distortion. Electrosurgical resection of tumors of the vulva is asso- 
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heals in another two or three weeks, during which time inspection 
should be made once or twice and also within the next month or two 
to watch for any possible constriction of the canal. Should any adhe- 
sions begin to develop, they are readily broken up by the insertion of 
a small instrument or a cotton applicator. 

Mortimer N. Hyams describes a clever method of “conization of 
Ihe cervix” for destruction and removal of infected cervical tissue. 
After inserting the customary vaginal speculum with the patient in the 
dorsal position, and cleaning out any residual leukorrhea, the cervical 
canal is anesthetized by placing a small crystal of cocaine in it. An 
applicator saturated with 85 per cent cocaine solution is introduced 
and allowed to remain for five minutes, and an inactive, wet metal 
electrode strapped on the abdomen, the patient being directed to make 



Fig. 13 . — Hyam’s cleclrodc lor conization of cervix. 

(a). Swivel handle, allowing rotation of electrode without interference from attached 
wire. 

Porcelain tips with v-arious sizes of wire arcs. 

' '• foe removing bits of infected tissue high up in canal. 

firm compression on the pad with hands, assuring accurate contact 
and distracting her attention from the operator. The active electrode 
13) is a fine tungsten wire stretched over a silicon tube one 
and one-half inches long and properly attached at each end for the 
conduction of the current. The silicon tube and tungsten wire are held 
in a long suitable handle having a swivel joint for attachment of the 
cord from the generator. The tungsten wire describes an arc of about 
cne-eighth inch at its widest portion, conforming to the normal con- 
out of cervical canal, which is fusiform, or spindle shaped. Sev- 

\v^ll electrodes are available with varying widths of the arc, as 

e as others for biopsy and destruction in difficult angles of the 
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time has burrowed deeply into the racemose glands,, forming large 
cysts full of pus, and has extended Wgh up to the internal os, no 
method of treatment short of some form of surgery is sufficient to 
eradicate thoroughly the disease in its deepest hiding places. Various 
scalpel operations have been devised which leave the cervix free of 
disease, but subsequent labors are complicated by the reduced cervix 
following amputation, allowing miscarriages, or by the dense scar tissue 
following other procedures, making labor prolonged and difficult. Thor- 
ough destruction of the infected tissue, with either the actual cautery 
or electrosurgical current, clears the condition and leaves a soft, pli- 
able, normal-appearing cervix. Occasionally a thin diaphragm ob- 
structs the canal, requiring a dilatation in the office on one or two 
subsequent occasions. 

Less extensive involvement can be taken care of satisfactorily in the 
office, particularly if the patients are cooperative and will stand the 
moderate discomfort. The inactive pad is strapped to the thigh or 
placed beneath the buttocks, and .the vagina and cervix are painted 
with a local anesthetic, preferably 20 per cent procaine, as it is safe 
from sequelae; with a nervous patient, a short nitrous oxide anesthesia 
is given. In all cautery or electrosurgical operations on the cervix, it 
is well to protect the mucosa and vulva with gauze saturated wiA 
boric acid or normal salt solution, thus preventing the steam or acid 
smoke, in the case of cautery, from irritating the tissues. A long, thin, 
preferably needle-like or slightly flattened, electrode is inserted into 
the canal up to the internal os, and the biterminal coa^Iation current 
turned on, destroying the tissues for two or three millimeters on all 
sides; deeper destruction is obtained by longer exposures. Radial 
applications are made and nabothian cysts punctured, evacuated and 
sterilized. 

In dealing with extensive infection the technic is similar, only 
carried deeper into the tissues, requiring anesthesia and hospitaliza- 
tion. The coagulated tissue comes away gradually, and usually the 
cervix is quite clean and granulating at the end of two weeks. It goes 
without saying that this coagulum, although sterilized by the current, 
will in a short time contain large numbers of bacteria. It is important 
to keep down this secondary overgrowth and thus control the amount 
and odor of the leukorrhea by topical application of an antiseptic 
solution, such as Scott’s metcuroebrome or Bohiman’s gentian, two or 
three times a week, together with alkaline or saline douches on alter- 
nate days. 

Electrocoagulation is more rapid and deeper than cauterization wim 
the actual hot cautery, necessitating care against too much slough, 
a possible source of secondary hemorrhage. When I first began this 
work 1 witnessed two or three such hemorrhages due apparently to 
deep sloughing, but by carefully controUing the current this compli- 
cation has been overcome. 

After the sloughing is complete, in one to two weeks, the cervix 
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short-circuiting through the vaginal mucosa or voilva. The snare is 
snugly placed about the pedicle and gradually tightened through it as 
a strong cutting current is applied to the handle, sealing blood vessels 
and lymphatics as the polyp drops off. The base may then be more 
deeply coagulated if necessary by reapplying the current through a 
Jong straight or curved electrode. 

Robert Fowler has described a unique method of an indirect snare 
iNith the patient on an autocondensation pad attached to the uni- 
terminal Oudin circuit of the eleclrosurgical generator; a snare is 
placed about the pedicle in the usual manner, the current passing 
through the operator, who acts as a condenser. 

Submucous myomas which have descended through the cervical 
canal are readily attacked %vith an electrosurgical snare as just de- 
scribed. Should the pedicle be long, a strong cutting current is required 
on a cutting edge or narrow flat electrode to dissect into the uterine 
caWty, removing any lingering pieces. iVot infrequently, submucous 
myomas do not present at the external os, being found on routine 
examination of the uterine cavity. Kelly has had several experiences of 
splitting the anterior lip of the cervix \vith a cutting current and resect- 
ing these otherwise unapproachable tumors. Electrosurgery greatly re- 
c^ces the amount of hemorrhage when these tumors because of their 
size require piecemeal removal. 

The differential diagnosis of cervical ulcers, a constant and im- 
portant problem, is greatly simplified by biopsy, now available as an 
office procedure, placing at the disposal of every gynecologist the 
early diagnosis of cancer. It is a simple routine to take out a piece of 
suspicious tissue for microscopic examination, with a wire loop in a 
suitable handle as an active electrode carrying a strong cutting current. 
The edges of the specimen will be coagulated to a limited degree, the 
center furnishing enough unaltered tissue for adequate study. Any 
large vessel which may bleed is easily controlled by the application of 
the coagulating current on a blunt electrode. 

Electrosurgical treatment of carcinoma of the cervix is only ari 
adjuvant to irradiation and should never be relied upon as the only 
method of destruction of malignancy in this area. Radium is now well 
'■^cognized as the method par excellence for the treatment of malig- 
nancy of the cervix. (See Section III.) However, electrosurgery acts 
as an aid in the removal of excessive growth, permitting the radium 
application to outlying posts of the growth’s advancement. In spUe of 
recent extensive public education regarding cancer, we are constantly 
confronted with patients in advanced stages of the disease wth com- 
P ete destruction of the cervix, or with a great cauliflow’er mass filling 

e vagina. Here the cauliflower growth is removed with an electro- 
surpcal loop or snare, or the cervix amputated flush with the vaginal 
'aulf. This is by no means a routine measure, as the smaller lesions 
readily treated by irradiation alone. 
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canal. A proper cutting current with sufficient coagulation to control 
bleeding is necessary. 

The active electrode is inserted into the canal and the current turned 
on. As the wire cuts through the tissue the electrode is rotated 
throughout an axis of 360 degrees, cutting out a cone of cervical 
tuvLCosa and opening all infected glands for drainage. If necessary 
the instrument may be reintroduced, removing all diseased tissue. 
Any bleeding from large vessels is easily controlled by applying the 
coagulation current on a blunt electrode. Infected nabothian cysts 
present beyond the area removed are punctured with a needle carry- 
ing a coagulating current. This wells out the contents, sterilizing the 
cavity and eradicating the infection. 

A gray slough will be found filling the cervical canal about the end 
of the fourth day, and on the seventh day the canal is much smaller 
and granulating nicely. Between the second and third weeks the cervix 
is almost normal with several small, unhealed areas here and there. 
At the end of the fourth week healing is usually complete. Hyams 
advised against vaginal douches as unnecessary because of tbe small 
amount of sloughing and consequent leukorrheal discharge. He claims 
that conization is especially convenient for the treatment of ambula- 
tory patients, relieving symptoms by the removal of the infected 
mucous membrane and opening of the glands, thereby facilitating 
drainage and reducing congestion deeper in the cervix. Since no 
muscular tissue is removed, the cervix remains functionally normal 
and subsequent parturition is unhampered. Diseased tissue is removed 
to any desired depth by repeating tbe procedure as often as advisable. 

Electrosurgery is the method par excellence for removing papillomas 
of the cervix and pedunculated fibroids presenting at the os.^ Usually 
papillomas are sufficiently large to require a general anesthetic; occa- 
sionally small ones can be removed in the office either by electro- 
desiccation or electrocoagulation, or by cutting the pedicle with an 
electrosurgical current. For the larger ones the usual preparations are 
required as for any other vaginal or cervical operations. After adequate 
exposure, traction is made on the polyp and the pedicle then severed 
with a strong cutting current and its base coagulated, destroying ariy 
possible lingering cells, assuring against recurrence. Should the pedicle 
originate high in the canal or uterine cavity, the cervix is split ante- 
riorly (Kelly), using a fine cutting current, a strong one preventing 
primary union after closing the incision. With the canal laid widely 
open, the pedicle is outlined and cut across with a stronger current. 

Another unique method of attacking cervical polyps is with an 
electrosurgical snare, first described by William L. Clark for the 
removal of bladder tumors thtougb a suprapubic iucislou. Since then 
it has been employed for pedunculated tumors in almost every accessi- 
ble part of the body. An ordinary tonsil snare is satisfactory, although 
special instruments have been devised embracing the same general 
principles. The shank is insulated with rubber tubing, preventing 
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sarcoma of the uterus, located in the left broad ligament, displacing 
the uterus to the right and elongating the uterine cavity to twenty 
centimeters and bulging into the vagina^ causing profuse and alarming 
hemorrhage. Thinking the tumor a myoma, preparations were made 
for vaginal removal. Incision in the vaginal vault exposed a highly 
vascular, soft, pliable and encapsulated sarcoma, from which hemor- 
rhage was so brisk that operation had to be abandoned with the 
patient in a collapsed stage, but not before the mass had been exca- 
vated by a combination of electric scalloping and morecellement. This 
then permitted application of radium up into the tumor, otherwise 
-impossible. 
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Intramural and subserous fibroids are also removed with a strong 
electrosurgical cutting current through an abdominal incision, bleed- 
ing being distinctly lessened, reducing the shock. In this manner 
operations for the removal of large myomas, otherwise impossible, save 
the uterus for normal function and often for subsequent pregnancy. 

Extensive transabdominal pelvic operations have been performed 
with the electrosurgical cutting current with the advantage of sealing 
over capillaries and lymphatics. Seven or eight years ago, when 
Howard A. Kelly first took up electrosurgery, it was my privilege to 
be his assistant at most operations. At that time he used a cutting 
current for practically every form of pelvic operation, hysterectomies, 
panhysterectomies, myomectomies, salpingectomies and oophorectom- 
ies, this extensive application being made in an effort to determine the 
value of the cutting current as an operating instrument in addition to 
its prior claim in the treatment of malignancy. It is fair to say that 
this is a safe and efficient method for these operations, but its advan- 
tages are limited. The small vessels in the broad ligament and ovarian 
regions can be clamped and coagulated with safety, but the larger 
ones, particularly the uterine and ovarian, must be ligated as usual. 
It is a safe rule always to ligate any large vessel in the pelvis or 
abdomen when possible rather than rely upon coagulation alone. The 
cutting current in itself is particularly advantageous in dissecting 
densely adherent areas. How frequently tubes, ovaries, myom^, etc., 
found attached to loops of bowel or other organs in the pelvis offer 
tedious and bloody problems for scalpel surgery, with severe shock 
to the patient. In such, a carefully regulated cutting current readily 
severs the adherent organs with so little bleeding that at times there 
results a practically dry incision. Loops of bowel are thus quickly 
and easily dissected with less danger from the reformation of adhesions 
because of the protective coagulum remaining a few days before 
absorption. 

Densely adherent ovarian cysts, benign or malignant and considered 
inoperable with the scalpel, are extricated by the current with great 
facility, in most cases the entire cyst wall being dissected away. Where 
this is impossible, the actively growing cyst wall is sliced off by the 
current, leaving the harmless outer portion attached to the intestine 
or abdominal wall to be absorbed later. Occasionally, with malignant 
cysts, where even this procedure is impossible on account of extensive 
erosions of the adherent viscera, the lingering portions are exploded 
out of existence by a strong coagulating current, leaving a perfectly 
sterile dry field. 

Robert Fowler reports successful electrosurgical vaginal hyster- 
ectomies and a cesarean section, mentioning the only serious complica- 
tion follorving electrosurgical abdominal hysterectomies of which I am 
aware, although I have never seen it. His patient died of embolus, 
attributed to some electrical injury to a large pelvic vessel. He also 
describes a new way of approaching a huge, otherwise inoperable 
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mind at all times, particularly when a malignant cervix treated' and 
healed by irradiation begins to ulcerate in a few months or even in 
two or three years. Biopsy readily distinguishes between a delayed 
radium “burn” and recurrent malignan(y and is a diagnostic require- 
ment before subsequent radiation is carried out. 

So important is this that I cite a case: A white woman, Mrs. 
N. B. M., age forty-eight, had an abdominal panhysterectomy in June, 
1929, followed by a prophylactic radium treatment. The patient was 
in excellent health until December, 1929, when on routine reexamina- 
tion a small ulceration was noted in the vaginal vault. Another radium 
treatment was given without biopsy, and she continued well until 
three weeks before being referred to me in March, 1930. Within these 
three weeks a foul, watery vaginal discharge developed, associated with 
marked vesicle and rectal irritation, pain and bleeding. On examina- 
tion the whole vagina, which was rather small, was seen covered with 
typical grayish-white radium slough. Cystoscopic examination revealed 
a large, reddened and irritated area on the trigone opposite the treat- 
ment site. Proctoscopy demonstrated a more marked reaction in the 
rectum at the level of the old cervix. A long period of severe pain 
and reaction followed, and subsequently a large rectovaginal fistula 
occurred which has only partially healed. The bladder is still a source 
of great distress, with repeated accumulation of urinary calculi over 
the sloughing ulcer, although there is no evidence of recurrence of the 
growth. It would appear that this stormy convalescence could have 
been avoided by biopsy of the recurrent ulcer, determining the need 
or lack of need of the last irradiation. Over-irradiation is easily possi- 
ble in the thin-walled vagina, especially after removal of the cervix, 
whkh acts as a filter when present. 

Deep x-ray or heavy radium-pack treatments used for transpelvic 
irradiation are associated with a mild skin erythema beginning about 
a week after application and lasting a variable period, blondes being 
more sensitive than brunettes. This erythema gradually fades in the 
course of two or three weeks, and the skin takes on a bronzed appear- 
ance not unlike a sun or ultraviolet tan which remains for many months 
'nthout discomfort. 

There are two biologic changes following intra-uterine irradiation: 

• n and (2) ovarian. Cloudy swelling and erythema, 

iniiltration of leukocytes and phagocytes, fibroblastic organization, 

0 iterating endarteritis and scarring — ^all occur in the endometrium 
and underlying muscles of the uterus. The obliterating endarteritis 
accounts for the reduction in bleeding and partly for the amenorrhea. 

be some specific effect upon the uterine musculature, large 
£mds readily disappearing and the uterus returning to normal, 
in presents a variety of structures, all of which are sensitive 

?'^®Poctionate degrees to irradiation wth x-ray or radium. The ova 
livh follicles are more sensitive than the stroma. The sensi- 

y of the follicles themselves depends upon their stage of develop- 
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mind at all times, particularly \vlien a malignant cervix treated' and 
healed by irradiation begins to ulcerate in a few months or even in 
two or three years. Biopsy readily distinguishes between a delayed 
radium “burn” and recurrent malignancy and is a diagnostic require- 
ment before subsequent radiation is carried out. 

So important is this that I cite a case: A white woman, Mrs. 
N. B. M., age forty-eight, had an abdominal panhysterectomy in June, 
1929, followed by a prophylactic radium treatment. The patient was 
in excellent health until December, 1929, when on routine reexamina- 
tion a small ulceration was noted in the vaginal vault. Another radium 
treatment was given \vithout biopsy, and she continued well until 
three weeks before being referred to me in March, 1930. Within these 
three weeks a foul, watery vaginal discharge developed, associated with 
marked vesicle and rectal irritation, pain and bleeding. On examina- 
tiori the whole vagina, which was rather small, was seen covered with 
typical grayish-white radium slough. Cystoscopic examination revealed 
a large, reddened and irritated area on the trigone opposite the treat- 
ment site. Proctoscopy demonstrated a more marked reaction in the 
rectum at the level of the old cervix. A long period of severe pain 
and reaction followed, and subsequently a large rectovaginal fistula 
occurred which has only partially healed. The bladder is still a source 
of great distress, with repeated accumulation of urinary calculi over 
the sloughing ulcer, although there is no evidence of recurrence of the 
growth. It would appear that this stormy convalescence could have 
been avoided by biopsy of the recurrent ulcer, determining the need 
or lack of need of the last irradiation. Over-jrradialion is easily possi- 
ble in the thin-walled vagina, especially after removal of the cervix, 
which acts as a filter when present. 

Deep^ x-ray or heavy radium-pack treatments used for transpelvic 
irradiation are associated with a mild skin erythema beginning about 
a week after application and lasting a variable period, blondes being 
more sensitive than brunettes. This erythema gradually fades in the 
bourse of two or three weeks, and the skin takes on a bronzed appear- 
ance not unlike a sun or ultraviolet tan which remains for many months 
without discomfort. 

There are two biologic changes following intra-uterine irradiation; 
fil a*id (2) ovarian. Cloudy swelling and erythema, 

mnltration of leukocytes and phagocytes, fibroblastic organization, 
endarteritis and scarring — all occur in the endometrium 
underlying muscles of the uterus. The obliterating endarteritis 
ccounts for the reduction in bleeding and partly for the amenorrhea, 
j-j. be some specific effect upon the uterine musculature, large 

roids readily disappearing and the uterus returning to normal, 
in n ^ presents a variety of structures, all of which are sensitive 
^proportionate degrees to irradiation with x-ray or radium. The ova 
tivii^^f follicles are more sensitive than the stroma. The sensi- 
> o« the follicles themselves depends upon their stage of develop- 
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menf, the mature ones showing most marked changes. The number 
and degree of follicles destroyed vary with the dose, and the steps in 
their reaction to the irradiation are comparable to spontaneous, physio- 
logic atresia. With the death of the follicles, sterility naturally occurs 
and may or may not be permanent according to the severity of the 
treatment. The interstitial cells are not directly influenced by irradia- 
tion but gradually and slowly disappear^ probably due to the destruc- 
tion and eradication of the follicles, preventing the interstitial cells 
from being renewed. 

Radiation Sickness 

Radiation sickness is a term describing certain symptoms arising 
as a sequel to radium or x-ray treatments. In gynecology this most 
commonly ^ollo^vs deep-therapy treatments with x-ray or radium 
packs, to a lesser degree after intra-uterlne and cervical irradiation, 
more marked when such treatments are given under general anesthesia, 
which causes part of the symptoms. 

The symptoms vary in intensity, depending upon the amount and 
duration of treatment and sensitivity of the patient, passing off in a 
few hours or lasting a day or more. Usually there is only anorexia 
and nausea, in others nausea and vomiting which, in severe reactions, 
may continue for twenty-four or forty-eight hours and occasionally 
longer. 

These symptoms are more pronounced when irradiating the aoao- 
men, particularly the stomach and liver, although they have been 
known to occur following intensive irradiation of other parts of the 
body, the generally accepted view of the cause being that certain 
toxic products of cellular destruction are liberated into the blood 
stream and act as poisons. Irradiation of the intestines, containing 
a large amount of semidigested or residual organic matter, naturally 
gives more marked symptoms because of the larger quantity of toxic 
products liberated in the bowel and later absorbed into the blood 
stream. 

Treatment of this uncomfortable complication Is at best unsatis- 
factory, as no specific is available. The preparation of the patient be- 
fore irradiation is an important aid in limiting the symptoms. The 
bowels are thoroughly cleared of fecal matter, a source of secondary 
radiations, ivith either a laxative the night before, or an enema the 
morning of, the treatment. Fasting for several hours is also of benefit 
in lessening the nausea. Elimination of foods for several hours niter- 
ward usually reduces the amount of vomiting, although most patients 
do not want food for some hours or perhaps a day if the symptoms 
are at all marked. A most important factor contributing to irradiation 
sickness is the overcrowding of treatment; long, heavy, deep-therapy 
treatments through the pelvis, whether with radium or x-ray, tend to 
cause more sickness than broken doses alloiving the patient to react 
from one treatment before another is administered. Drugs giving the 
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most benefit are rather simple remedies: Alkalinization ^\•ith bicar- 
bonate of soda or other medicaments during the day prior to the treat- 
ment may be of benefit; citrous fruit juices and crushed ice some- 
times relieve the nausea. Fifteen or twenty drops of compound tincture 
of cardamom and fifteen or twenty drops of compound tincture of 
hyoscyamus with twenty grains of bicarbonate of soda, given three 
times a day, often allay the vomiting. Fortunately, irradiation sick- 
ness gradually passes away and rarely causes any serious complica- 
tions, although frequently distressing to the patient. 

Artificial Menopause 

Cessation of the menstrual cycle following irradiation of the pelvic 
organs is a common and often desired sequela, permanent or tem- 
porary, according to the strength and type of treatment. It is always 
permanent following irradiation of carcinoma of the cervix and body 
of the uterus. Irradiation for benign bleeding, particularly in young 
people (under thirty-five), can be so carefully regulated that the 
artificial amenorrhea can be made to vary from si.x months to two 
years. This is not uncommon even with large fibroids, for, as the 
tumors disappear and the uterus returns to normal, the ovaries again 
begin to function and the menstrual cycle returns. An interesting case 
has been reported by Curtis F. Burnam (personal communication) 
of a woman who married rather late in life, then was irradiated for 
fibroid \nth cessation of the menstrual periods for about a year. 
Following this, she became pregnant and gave birth to a perfectly 
normal child. 

Transpelvic irradiation with high-powered x-ray or radium packs in 
proper doses causes artificial menopause. i\Iild irradiation (one-third 
to two-thirds sterilizing dose), particularly in women under twenty- 
nye or thirty, will sometimes control an abnonnal menstrual flow’ 
Viithout complete cessation, the ovarian functions apparently being only 
partially influenced. If the full amount of transpelvic irradiation per- 
mitted by the skin (erythema dose) is given, the menstrual cycles 
are almost certain to be completely checked, particularly in women 
O'er forty, variations within certain limits proving the rule. 

Irradiation Technic 

Complete discussion of the technical problems of irradiation treat- 
ment may be found in Volume III (Desjardins and Burnam), but it is 
mportant to describe briefly the technic as applied to gynecologic 
disease as each is discussed. 

in t radium treatments by the pack method are administered 
"ays. The early technic employed an open pack of felt, balsa 
the substance to maintain the exact distance between 

radium and the skin. On the top of this pack was a small metal 
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as the casi might\“"’were'Md‘ Th^use'of 
necessitates another filter of aluminum M °%P ““"'‘"'-Htoed tubes 
platinum rays, and ametal rubber for th,} ^ secondary 

the rubber not being so important secondary aluminum rays, 
thickness of felt or wood thf^ugh wMch the f considerable 

The newer method utilizes a frfrT r 
the radium in such a mannS that fh^ rnf oc bomb carrying 

an opening on one side or one end patient through 

by the lead wall of the container. So far a? 



w'fad as. compared with Ward 

to radium tT portal (o): (n) stj,, _f /* containing radium emanation; 

sWn n (1) midwL filter (1) next 

W^cvlSr patient. C, lead filter next 

affordiniT r. d) represents one inch those destined to reach lesion 

tuS icr nurse’s ha^^^ of radium carrier (r) 

yew of cylinder coSin^^d®” “*■ tro™ cylinder. E. longi- 

corresDonHs » *^®**"S manipulation The ^pnMK**”» earner, the latter being equipped 

'rtnto ‘“dJt aod canirr loBalher 

rrlmder thr „„„,brr of inch^^iad at diS’S'*, “ carrier is 

d at distal end indicates distance of filtration. 


Hospital m'liuffab^He^'mmS Stenstrom at the State Cancer 
charge of radium tubes of j.n^ ^ niechanicaJ device to rotate the 

order to make the beam of ravs^at 'vithin the cylinder in 

form as possible. The author^inH 'be paUent as nearly uni- 

Sfgned a lead cylinder Stenstrom’s work, de- 

and a lead wall of one-inch thickn^s “ ‘™-inch aperture 

CSS. This apparatus was put into use 
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t ‘S-— Suspension apparatus and cylinder "set up" as in treatment of a parotid 
Oor; (a) shaft; (b) pulley carrying cable (c) which suspends shaft and counter* 
- ,i weight (d): (e) safety hand screw; (f, g and i) thumbscrews for adjusting 

„j| (k) cogs pretenting bail (h) from slipping; (n) scale on handle (m) of 

.“[^rier; (o) aluminum filter cap; (p) sheet rubber filter; (s and t) braces 
m brass plates (u and r) which prewnt any swajing of shaft. 
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beneath, preventing irradiation of mv Proi^ction 

the room below. A few years ano in 

Hospital in New York 


City made a much Targi;“radium homhT“""‘ ““P''^*' 
grams of element. Such amaran^ ^ ‘ permanently several 
injury to the’surroundinTparts an^fritf application without 



lr«“ no‘^Xuon If ‘l '"•'“S “ith™! 
Which hold cylinder in suspension apDaraJus. for thumbscrews 

curved surface of skull, used in , ..T “ proximal end cut to 6t 


,_j • serves as brake on (i» /i V .1 ’ ‘•“'‘iauavrew wnicn ugneens 

and nngs with skin. E, :-inch (wlinder wit? adjusting angle of mr 

suspension table shovm i„ S I? Wsulus as ustd with portable 

projects from cinch portal of Cer and sb„2 ''"'jf P'""''" «» “‘Hi n -Inck Portal 
and smaller tumors; (a) wall 'l'l‘”<l'r, and is used in Ireatine elands 

brass reenforcins lead (t and a) thT.SJi''"'''/ "’i*' ‘ “ol> of lead; (c) }<.|nch 

he skin; (oi car lor Portable stispen^Sf'jrS i‘'‘t“l“5 WUnder to any an* with 
lor adjusting height ol cylinder 1““' seen in Fig. 15 ; (d and el wing nuls 


partichbriy in^treattag^SsS^fTh™'"'!"'^ especially valuable, 
be carefully protected^avS 7“’™, where the thighs must 

placed between them Crnoc fi ^®*lered radiation when the pack is 
overlapping on the skin nib *iP®® ® tumor is possible without 

burns. _ This cross liLe I*®" severe superficial 

multiplies the number sweral portals around the pelvis 

proportion to the number of^ reaching the disease in direct 
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Intratumoral application of radon or radium element is of great 
therapeutic value in gynecology. Tumors of the vulva, large massive 
cervical growths and broad-ligament extensions are oftentimes treated 
by the implantation o! platinum-filtered radon seeds (see Burnam, 



Fio. 17. — A, radium carrier for two-inch c>linder: B, for one inch cylinder; C, 
*^U 2 re cylinder;” ( 1 ) one inch of lead in cover of carrier (in square carrier C it b 
Vi inch in thickness) ; (r) radium container of hard rubber reenforced with brass 
(no brass on bottom so that filtration is only through a thin layer of rubber) ; (s) brass 
stubs so anangcd that movements of crossbar of handle upward force them against 
Inc inner wall of cylinder, thus fixing carrier at desired point. In C, spring of handle 
*7** to force stubs against cylinder wall; (i) scale in inches indicating distance of 
radium lioni mouth of cylinder; D, aluminum filter cap lor two-inch cylinder. Thb 
slips easily over proximal end of cylinder and b held in place by brass springs (b) at 



^ 3nd C, radium carriers for one-inch and two-inch cylinders respectively, 
s<3uare°«r pockets (t) for radium tubes; (s, I and r) as in Figure 17; A, carrier for 
lube T? • without separate holes for each 

• iois IS used when radium tubes vary in aie. 
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Vol. Ill) or radium element needles made out of an alloy of platinum 
and iridium. 

Flat vulval or vaginal growths are best treated by plaques fitted to 
the size and shape, with protection of the surrounding normal struc- 
tures. During application to a malignancy on one labium, the other is 
protected with lead, or the cylinder just mentioned may be pulled 
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Fic. 21. — Ametal rubber cer\ical, uterine and vaginal applicators. 

• T-tube--ra^utn charge placed in hoUow cross lube to be laid directly against cervix 

B Tki*? pessary "C.” 

• ut>e for insertion into uterine or cervical canals. 

— wade in various sizes to At around the cer\-ix. Radium beneath Alters on 
D o'* ^dialing broad ligaments; Alters hold vaginal walls away. 

• umb-bell applicator for holding radium beneath bases of broad ligaments, when 
pessaries do not fit cervix. 


owTj tightly against the involved one, and the radium placed as close 
necessary to give the desired dose, 
nrn treatments require a great deal of care on account of the 
xiniiiy of the bladder and rectum and the thinness of the vaginal 
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wall, the entire thickness of which may be burned through without 
difficulty. The maximum dose against a vaginal-wall tumor should be 
about 1,000 mg. hr. per 2 sq. in. when the filter is 2 mm. of brass. 
One millimeter of platinum allows an increase of 30 per cent, as there 
are fewer soft gamma rays. The gauze plaque (Fig. 22) has varying 
numbers of little pockets in which the tubes are separately secured. 
Such plaques are also used in treating the cervix. Within the last year 



Fic. 32 . — Cervical gauze plaques. 

E Round plaque with number of pockets \-aried to suit size of cervix. 

F. Vicker’s gauze applicator. After filling pockets with radium tubes, purse strings are 
pulled tightly, making a circular plaque. 

(E and F developed at Howard A. KeUy Hospital.) 

and a half I have been using radium element in tubes of platinum and 
iridium of i mm. wall thickness. This filters out all the beta and the 
softer gamma rays, but gives rise to harder secondary rays from the 
action of the gamma rays of radium on the platinum. To filter out 
these secondary beta rays the tube is surrounded by a thin film of 
aluminum foil anri ♦’ ' •ntfn-uterine and intracervical treatments 

is placed in an^ - of 2 mm. thickness. Ametal rubber 
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nessaries and dumb-bell applicators (Fig. , 21) hold a tube on each 
side of the cervix, radiating the broad-ligament region I have not 
found this method as satisfactory as placing the individual tubes or 
plaques against the cervix, as each case presents individual prob- 
lems and the pessaries are not pliable enough to meet all the demands. 

Heymann, of the Radiumhemmet in Stockhol.nl, has various sizes 
and shapes of silver boxes of 2 mm. of lead (Figs 25-28). By 
carefully adjusting these to the cervix or vaginal wall, he is ah e 
because of their heavy filtration to give a much higher dosage than is 



Fic. 23.— Intratumoral equipment. 

G. Long, hollow impkntcr wllh oblunitor for inserting radium element needles. 

H. Tcn-mg. radium element needle. 

I. Radium element needle projecting from end of implanler. 

J. Radon seed implanter with seed projecting from end. 

K. Platinum-covered radon seed. 

L. Radon seed implanter with obturator. 

Forceps for loading implanter. 


common in this country. Cross firing may be added to this local 
application by placing tubes in the uterine cavity. Inasmuch as radium 
rays travel in all directions from the tubes, any placed in the vagina 
"ill tend to radiate into the broad-ligament region, the same being 
true of those placed up in the uterine cavity, so that radiation from 
both foci increases that delivered into the broad ligament, adding 
destruction to any migrating cells. 
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Intra-uterine irradiation of menstrual disturbances, fibroids and 
malignancy is the most direct method and therefore usually most 
effective. Brass*filtered radium tubes (2 to 3 mm. thickness) are 
placed in a container on the end of a uterine sound and dipped in wax 
to absorb the secondary rays from the brass. Platinum tubes require 
the special filters previously described, filtering out the secondary 
platinum rays with aluminum foil and a-mm. ametal rubber cots 
securely tied at the end. Intra-uterine applicators require thorough 



Ftc. *4. — Method of protecting mlum after inserting radium tubes into cervix, 
lead filter protectiog rectum; vagina pacCed with gauze. 


sterilistation either by chemicals or by boiling. The ordinary precau- 
tions taken for dilatation and currettage are necessary for intra-utenne 
irradiation of benign conditions, and rarely is there any complicating 
infection. However, in using the uterus as a focus from which to cross 
fire upon the broad ligaments in treating a carcinoma of the ceivix, 
special care must be exercised in cleansing the cervix so as to avoid 
carrying the ever-present infection assodated with the malignant 
cervix up into the uterine cavity. I have had one or two severe pelvic 





Application of Irradiation 


40 


[Chapter 22 
IVolume n 


inflammations follow such an application. In Europe this is the regular 
procedure and apparently without serious results. 

Asherson reports three cases of cancer of the cervix treated by the 
transperitoneal route in addition to local application to the cervix. 
Four tubes, each containing lo mg. of radium sulphate and screened 
with 0.3 mm. of platinum, were imbedded around the growth in the 
base of the broad ligament and in one case in the left ureterosacral 
fold. He feels that this adds materially to the amount of radiation 
poured into the cervix, but the technic h^ not been universally adopted 
and it is not without dangers. 


Application of Irradiation 

Vulva. — Treatment of vulval diseases calls for careful protection 
of the thighs, as already outlined, and a dose carefully calculated for 
each lesion, guarding against possible burning. 




Fig. 27. — Celluloid sledges for holding cylinders or capsules in place within a 
cniterous cer\-U, keeping the radium far out toward the sides nearer the broad liga- 
ments. ’rae narrow area of anterior and posterior wall of the crater from 4 mm. to 
XI mm. in width, depending upon width of sledge, remains uncovered by radium, but 
receives pracUcally as powerful a radiaUon from cross firing from the two sides. There 
is the added advantage of somewhat redudng what would otherwise be an added inten- 
sity of radiations at those spots (rectum and bladder) where, according to cxpencnce, 
injuries most frequently arise. 
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Pruritus vulvae, a distressing malady, is markedly relieved by the 
local application of radium dose to, but not on, the skin. The dose 
usually varies from 300 to 400 mg. hr. at 54 -inch distance over an area 
about two inches square. Should the disease extend posteriorly about 
the anus, an additional area is necessary, the same dose being given 
over each. One treatment usually stops the itching and improves the 
condition in the ordinary cases, but involvement of the deeper skin 
layers requires a repetition in four to six weeks, depending upon the 
result of the first application. 




Fjc. :8.— Small flat boxes held together with dips for application to cervix and vagina 
or both at once. Container shaped to suit a cauliflower growth. 


cncrcal -warts are commonly multiple and extensive. The smaller 
cas^ frequently eradicated with electrodesiccation; the extensive 
Rad^ demand clectrosurgical excision. (See Section II.) 

jjj ^”4 x-ray, however, are exceedingly important adjuncts either 
with electrosurgery or as the sole therapeutic agent, 
p here is somewhat heavier than that necessary for 
ntus vulvae, running up from 500 to 600 mg. hr. at 54 inch from 
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the skin, repeated in four or five weeks, if necessary. Occasionally a 
third or fourth application will be required completely to eradicate 
the disease. By this careful broken-dose method, reactions are avoided 
and the warts gradually melt away, leaving a healthy-looking, normal, 
soft skin. 

Carcinoma and sarcoma of the vulva are treated wth irradiation 
therapy, frequently in combination with electrosurgery, particularly in 
the resistant and extensive cases. The abundant loose skin about the 
vulva permits easy electrosurgical excision following irradiation, assur- 
ing quicker and less painful healing and a softer scar. Here, the irradia- 
tion dose must be heavier than that for the benign condition in order 
to affect the more resistant malignant cells. Usually i,ooo to 1,500 
mg. hr. are given at J^-inch distance over two square inches of area, 
deeper involvement requiring implantation of radium element needles 
or radon seeds. Heavy irradiation reaction is not so much feared when 
the tumor is to be taken out electrosurgically after irradiation, as the 
removal obliterates the slow, painful healing. A combination of 
therapy is, as a rule, more efficacious, as an increased radium dose 
is possible, and two therapeutic agents are used in place of one. The 
lymph-gland-bearing areas are given a prophylactic erythema^ dose 
with x-ray or radium pack, and any large demonstrable metastasis im- 
planted with radon seeds or radium element needles. Post-irradiation 
care consists of cleansing the part regularly and the application of a 
mild ointment for protection and keeping the parts soft. 

Vagina . — Benign polyps of the vagina are uncommon and readily 
removed with eJectrosurgery, as already outlined- 

Carcinoma of the vagina offers an insurmountable task from any 
surgical standpoint; however, as a rule, the condition is sensitive to 
irradiation, which gives five-year clinical results and splendid pallia- 
tion in the more extensive cases. Intravaginal irradiation is coupled 
%vith accurate transpelvic treatment with radium packs or x-ray cover- 
ing all of the gland-bearing areas. During the local application, the 
highly sensitive rectum and less sensitive bladder are carefully pro- 
tected by packing off with gauze or covering the applicator with 
filters of or inch of lead wrapped in aluminum foil to absorb 
the secondary lead beta rays. These organs are easily damaged, with 
liability of fistulas making the patient exceptionally uncomfortable, 
complications which are practically always avoided by carefully apply- 
ing the radium, accurately calculating the dose and then packing the 
vagina, keeping the treatment away from all the normal tissue. When 
the disease is located near the outlet, it is best first to pack the 
gauze above, then apply the radium and fill the remaining cavity with 
gauze to hold the radium in place. Sometimes, particularly in the small 
vagina commonly found in the elderly patient as a result of senile 
changes, small lead filters are of special protective value. Implantation 
in vaginal cancer is dangerous, as the thin vaginal wall allows easy 
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injury to surrounding organs, and it is rarely necessary on account 
of the relative super ficialrvess of the growth itself yielding readily to 
direct applications. As the radium is laid directly against the growth, 
the determination of the dose and filtration is important. I prefer 
heavy filtration of i or 2 mm. of platinum or lead and aluminum foil 
and 2 mm. of rubber, filtering out all the soft rays, allowing only 
the hardest penetrating gamma rays to reach the growth. One thousand 
milligram hours distributed over two square inches of growth have 
in my experience given the best results. Where the disease has ex- 
tended on two or more sides in the vaginal cavity, the pack must be 
moved from time to time, to cover the entire involvement. I usually 
use a small amount, say 75 to 100 mg. for from 10 to 15 hr., varying 
the dose as necessary. 

Cervix . — Benign cervical diseases offer much for irradiation therapy. 
Various reports have been made of the advantage of radium treat- 
ments in endoccrvicitis, an inflammatory condition which, as a rule, 
is best handled by cauterization or electrocoagulation. (See Section 
II.) The same may be said of benign polyps, easily removed with the 
cautery or high-frequency current, in which, should any malignancy 
be found, the base is thoroughly destroyed and adequate irradiation 
given as a prophylactic measure. 

Cervical malignancy is one of the most fertile gynecologic fields for 
irradiation therapy because of the ease of approach and concentration 
of dose, and sensitivity of the cancer, usually predicted by the micro- 
scopic picture. Biopsy is a routine confirming the diagnosis and aiding 
the prognosis. Martzloff, Broders and others have shown that basal- 
cell tumors (which are less differentiated) are the most sensitive to 
irradiation, while squamous-cell, or the more highly differentiated type, 
are less sensitive in direct proportion to the amount of keratinization 
observed microscopically, for, the nearer the cells are to the adult 
squamous type, the less response is there to the rays. Adenocarcinoma 
IS still more resistant. The microscopic picture, then, is of great help 
m prognosticating any individual case, but not always the sole factor, 
as there is a great difference in the individual variation within any 
one particular type. 

Statistics show that in the early so-called operable cancers, as high 
a percentage of five-year results is obtained by irradiation as with any 
operative procedure. This is without a primary mortality, so that in 
the odds are in favor of irradiation therapy. In spite of the 
efficient cancer propaganda for the last ten or fifteen years, we still see 
a large number of cases, 70 per cent in my series, coming in the 
borderline of inoperable cases, either because of the late development 
of symptoms, the patient’s own fear of cancer and therefore neglect 
of investigation, or because of the physician’s ignorance as to the 
proper diagnosis. Surgery offers nothing in this group. The author, re- 
porting 231 cases occurring during 1921 and 1922 at the Howard A. 
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the skin, repeated in four or five weeks, if necessary. Occasionally a 
third or fourth application will be required completely to eradicate 
the disease. By this careful broken-dose method, reactions are avoided 
and the warts gradually melt away, leaving a healthy-looking, normal, 
soft skin. 

Carcinoma and sarcoma of the vulva are treated with irradiation 
therapy, frequently in combination with electrosurgery, particularly in 
the resistant and extensive cases. The abundant loose skin about the 
vulva permits easy electrosurgical excision following irradiation, assur- 
ing quicker and less painful healing and a softer scar. Here, the irradia- 
tion dose must be heavier than that for the benign condition in order 
to affect the more resistant malignant cells. Usually i,ooo to 1,500 
mg. hr. are given at %-lnch distance over two square inches of area, 
deeper involvement requiring implantation of radium element needles 
or radon seeds. Heavy irradiation reaction is not so much feared when 
the tumor is to be taken out electrosurgically after irradiation, as the 
removal obliterates the slow, painful healing. A combination of 
therapy is, as a rule, more efficacious, as an increased radium dose 
is possible, and two therapeutic agents are used in place of one. The 
lymph-gland-bearing areas are given a prophylactic erythema dose 
with x-ray or radium pack, and any large demonstrable metastasis im- 
planted with radon seeds or radium element needles. Post-irradiation 
care consists of cleansing the part regularly and the application of a 
mild ointment for protection and keeping the parts soft. 

Vagina . — Benign polyps of the vagina are uncommon and readily 
removed with electrosurgery, as already outlined. 

Carcinoma of the vagina offers an insurmountable task from any 
surgical standpoint; however, as a rule, the condition is sensitive to 
irradiation, which gives five-year clinical results and splendid pallia- 
tion in the more extensive cases. Inlravaginal irradiation is coupled 
with accurate transpelvic treatment with radium packs or x-ray cover- 
ing all of the gland-bearing areas. During the local application, the 
highly sensitive rectum and less sensitive bladder are carefully pro- 
tected by packing off with gauze or covering the applicator with 
filters of or inch of lead wrapped in aluminum foil to absorb 
the secondary lead beta rays. These organs are easily damaged, with 
liability of fistulas making the patient exceptionally uncomfortable, 
complications which are practically always avoided by carefully apply- 
ing the radium, accurately calculating the dose and then packing the 
vagina, keeping the treatment away from all the normal tissue. When 
the disease is located near the outlet, it is best first to pack the 
gauze above, then apply the radium and fill the remaining cavity with 
gauze to hold the radium in place. Sometimes, particularly in the sm^I 
vagina commonly found in the elderly patient as a result of senile 
changes, small lead filters are of special protective value. Implantation 
in vaginal cancer is dangerous, as the thin vaginal wall allows easy 
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Clinic and others, maintaining that small amounts of radium given 
over a period of a day or two and repeated once a week for three 
weeks are more efficacious. I have found that the latter method gives 
the best result and have adopted the plan of breaking up the calculated 
total dose into three smaller ones given one or two weeks apart. In 
support of this theory, its advocates maintain that inasmuch as cells 
are vulnerable during mitosis, more are affected by exposure to a small 
amount of radium over a long period, and repetition of the dose on 
two or three successive occasions destroys a still larger number. 

Following the first treatment, there is a period of erythema, after 
which the cervix gradually shrinks and whitens, being covered with 
a grayish “radium slough.” Bleeding soon stops, and the discharge 
lessens in proportion to the amount of the cervical contraction 
and healing. In from six to eight weeks the cervix is entirely healed 
and replaced by a firm cicatrix. This is quite uniformly, the case, 
even when broad ligament and perimetrial invasion has been noted 
at the first examination. 

After four to six weeks from the first treatment, it is safe to cross 
fire through the pelvis with radium plaques or x-ray; the full 
erythema dose is given through each of several portals, two being 
most commonly chosen, one over each broad ligament, with careful 
protection from overlapping on the skin. A third portal may be chosen 
through the sacrum, if indicated by much extension into the posterior 
pelvis. 


Recurrences are treated as they develop. The reappearance of local 
disease is combated by applications similar to the first, the dose usually 
being one-half to two-thirds that originally given. Lateral extension in 
the broad ligaments in the form of a sclerotic mass, or growth pos- 
teriorly as a fan-shaped diaphragm on each side and encircling the 
rectum, is best treated by cross firing through the pelvis, as previously 
outlined. Larger massive recurrences are implanted, after thoroughly 
sterilizing the vagina, with radon seeds when available, as they can be 
left in place, although removable radium element needles are just as 
efficacious. On the basis of one millicurie of radon permanently im- 
planted giving 133 millicurie hours of treatment, the dose is varied 
from 500 to 1,200 mg. hr., depending upon the size of the mass. With 
radium element needles, the dose is the same and calculated on a time 
basis as in any other local application. 

. A he complications which may arise following irradiation of car- 
cinotna of the cervix depend upon the extent of the disease at first 
examination and the skill \vith which the application is made and dose 
a culated. Bladder or rectal fistulas are rare when careful precautions 
^re observed and provided the growth did not involve the anterior 
[jp posterior vaginal walls to any marked degree before treatment was 
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Kelly Hospital, showed that even in this surgically helpless group, 28 
per cent of the local lesions were healed and 44 markedly improved, 
with a clinical four-year arrest of 15 per cent. One year later, which 
brought these statistics up to the five-year period, there were 10 per 
cent clinically well and without demonstrable disease. 

Early cases, presenting as small ulcers on the cervix or limited 
involvement in the canal, are treated without preliminary cauterization. 
In the more advanced, removal of a portion of the cervix with the 
cautery or by electrosurgery allows the application at the outlying 
portions of the growth where activity is greatest and the treatment is 
concentrated. This combination is of special value in treating massive 
cauliflower growths which fill the vagina. The cervix is amputated with 
a strong cutting current and the base sealed with a strong coagulating 
current. Where this amputation is impossible or difficult, the growth 
can be removed with an electrosurgical loop back, to firm tissue. 

The application of the radium is made in one of several ways, 
depending upon the case at hand. The canal is filled with an ametal 
rubber cot containing platinum-filtered (i to 3 mm.) radium sur- 
rounded by aluminum foil. A plaque similarly filtered is then placed 
over the cervix and held in position with suitable vaginal packing. 
Ametal rubber pessaries or dumb-bell applicators, mlh extra thick 
rubber filters around the tubes to keep them away from the vagina, 
guarding against burning, may be used to hold rubber tubes out under 
the broad ligament. I have found it rather difficult to apply these 
pessaries and dumb-bell applicators, as they are more or less fixed in 
size and shape and not adjustable to many cervices. Extension beyond 
the cervix into the broad ligaments requires implantation of radon 
seeds, or radium element needles are placed in the cervical tissue 
opposite the broad ligament or in the massive extensions. 

Intra-uterine application in cervical cancer is advocated by many 
as an additional means of cross firing upon the broad ligaments. This 
is not without danger of infection being carried up into the uterus 
and an associated pelvic peritonitis. Cancers of the cervix always have 
a large amount of associated infection, usually streptococcus. In 
the few cases in which I have added intra-uterine irradiation, there 
has been a high percentage of infection in spite of preliminary cleans- 
ing of the cervix. There is less likelihood of carrying infection into the 
body if the cervix is cauterized, but no method of chemical steriliza- 
tion will eradicate all bacteria lingering deep in the tissues. 

With radium filtered with i mm. of platinum, the average cervical 
dose is 3,000 mg. hr,, by the combined application of needles, tubes 
and plaques. With heavier filtration, say 3 mm. of platinum, the dose 
is increased to 4,000 or 5,000 mg. hr. Heymann, using the equivalent 
of 3 mm. of lead, gives 6,000 mg. hr. in broken doses, with impunity. 
There are two schools of dosage — one holding that a heavy, short 
application deals a deatli-blow to the growth better than repeated 
treatment, the other, supported by Bowing and Fricke of the Mayo 
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In two other patients in this group there were miscarriages. Neill 
concludes that pregnancy is possible after irradiation in selected cases. 

For patients from twenty-five to forty years of age, the intra-uterine 
dose is increased to i,ooo to 1,500 mg. hr., producing amenorrhea 
for from one to two years with return of the menstrual periods in the 
younger group. Rarely is a patient resistant to one or two intra- 
uterine treatments and then requires hjrsterectomy. Hyperplasia at the 
menopause requires 1,500 to 2,000 mg. hr. with brass-filtered radium 
and 1,800 to 2,200 mg. hr. with platinum-filtered radium to bring 
about a complete cessation of menstruation. Artificial menopause is 
accomplished without serious complication other than that which 
would have occurred had the menstrual cycle ceased in the normal, 
physiologic way. 

Fibroid tumors of the uterus are especially susceptible to irradia- 
tion given internally or transpelvically, although intra-uterine applica- 
tion is quicker and more certain. The size of the tumor, per se, is not 
a contraindication to irradiation therapy, but pedunculated subserous 
growths, submucous tumors, calcified fibromas, an incarcerated uterus, 
an obscure diagnosis or acute pelvic inflammatory diseases require 
surgical intervention. Uterine fibroids so densely bound down by old 
inflammatory adhesions that their removal is an unwarranted risk 
respond to irradiation and, shrinking to normal, or nearly so, all 
bleeding ceases. Reduction of a densely adherent uterus is sometimes 
associated with abdominal discomfort caused by pulling on the ad- 
hesions, a symptom of minor importance considering the patient’s 
general well-being. The degeneration of fibroma into sarcoma by irradi- 
ation has not been established, as such cases reported in the literature 
were probably malignant from the beginning. The fibroid dose of intra- 
uterine radium is about the same or perhaps a little larger than that 
required for permanent amenorrhea, as previously described. X-radia- 
fion and radium pack for fibroids act through the effect of the rays 
upon the ovary more than directly upon the tumor itself. Intra-uterine 
irradiation, however, has a double action; first, an obliterating endar- 
teritis of the endometrial vessels and, second, an inhibition of ovarian 
activity. Some authorities believe that excessive bleeding wth marked 
is a contraindication to irradiation, as it is imperative to stop 
the bleeding immediately. Hysterectomy is also not without its dangers 
such patients. Dilatation and curettage under gas anesthesia, or 
in the nulliparous without any anesthetic, are associated with much 
and bring about almost uniformly a complete cessation of 
until the radium has had its effect. Submucous fibroids 
or hbroid polyps require surgical removal, as irradiation against these 
gi^es rise to sloughs of varying degrees of severity with infection and 
oul discharge, without eradicating the tumor. 

Malignant Diseases. — Adenocarcinoma of the uterus usually 
curs at or after the menopause. Curettage reveals the diagnosis, but 
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Uterus. — ^Irradiation of uterine disease has been a blessing to many 
thousands of patients by sparing them the dangers and mutilations of 
operations for the removal of one or more pelvic organs. 

Benign Diseases. — Many thousands of women have had their 
uteri saved by irradiation control of irregularities in menstrual flow 
or eradication of fibroid tumors. What a pity to deprive unnecessarily 
a young woman of her pelvic organs and hopes of normal sexual 
activity, by removing the uterus for a menstrual irregularity or small 
fibroid tumor. Many cases are on record of perfectly normal menstrual 
and sexual functions and the occasional birth of a normal child after 
uterine irradiation. 

Hyperplasia oj the endometrium is most frequently encountered at 
the beginning or termination of the menstrual cycle. In young women 
under twenty-five, the intra-uterine dose is from 400 to 1,000 mg. hr., 
with brass-filtered radium, and about one-third more than this when 
I mm. of platinum, aluminum foil and 2 mm. of ametal rubber are 
used. In g^rls at the beginning of the menstrual period up to the later 
teens, one-half to two-thirds of an erythema dose with x-iay or radium 
plaques over the ovaries gives the same result without the necessity 
of instrumentation. Following such treatment, there may not be a 
complete cessation of the menstrual cycle, but a gradual reduction to 
normal flow. If amenorrhea occurs, it usually lasts six months to a 
year, gradually returning to normal. 

W. Neill reports 30 cases of adolescent bleeding treated with radiuni 
at the Hqward A. Kelly Hospital. In six of these the hemoglobin 
varied between 30 and 50 per cent. The youngest patient was 13 years 
old, and the oldest 25. He divided the cases into three groups: In 
Group I there were sixteen patients in whom the periods became 
normal immediately or within a few months after treatment and 
remained so. In Group II, five cases, there was temporary amenorrhea 
with a later return to normal menstruation. In Group III, permanent 
amenorrhea was established in six cases. All of these were treated by 
the intra-uterine method, with a dose varying from 184 millicurie 
hours to 1,300 millicurie hours, the maximum dosage being used in a 
person 24 years of age, who had had such extensive hemorrhages in 
spite of previous curettements that the hemoglobin was 30 per cent. 
Hysterectomy had been advised, but refused by both patient and par- 
ents. After irradiation, immediate cessation of hemorrhage occurred, 
but irregular bleeding continued for eight months, when normal 
periods became established and the patient’s health steadily improved. 

In Group I of Neill’s cases, one patient married one and one-half years 
after treatment (12 years ago) and gave birth to a normal child one 
year after marriage ( 2 years after treatment) , and a year and a half 
later (4 years after treatment) there was a stillborn child at full term. 
Five years later, she was delivered of a second healthy child — both 
children being alive and normally developed at the time of this writing. 
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SECTION IV 

HYDROTHERAPY— DOUCHES 

Hydrotherapy in gynecology is limited to perineal irrigations and 
douches, and occasionally sitz baths, irrigations and douches being 
most frequently employed as a cleansing agent folloiving perineal 
operations, although ulcerating diseases of the vulva require irriga- 
tions for cleanliness and comfort. Irrigation solutions are usually 
similar to those for douching the vagina. Sitz baths relieve pain and 
tenesmus, and cleanse the external genitalia. 

The real value of a douche is threefold — first, and most important, 
the mechanical irrigation; second, heat applied more closely to the 
seat of disease; and third, the chemical effect, of least value, as solu- 
tions strong enough for definite chemical action on bacteria often are 
irritating and usually do not remain in the vagina long enough for 
real antiseptic effect; neither do they reach the cervical canal, the 
seat of most leukorrheas. Saline and alkaline douches are soothing to 
the irritated vagina or vulva. 


Technic 

Douches are best given by a nurse or an attendant, although am- 
bulatory patients using the treatment at home, once or twee a day, 
have to irrigate themselves. A long, curved, hard rubber nozzle, 
jnost commonly satisfactory, is attached to a soft rubber bag by a 
long rubber tube. A special, two-way douche nozzle, -with a large 
flange near the distal end, to keep the vulva apart, is preferable, 
thereby protecting the external parts from irritation from hot solu- 
tions, and at the same time making distention of the vagina possible, 
the solution escaping only through the outflow tube. The patient 
should lie on her back, preferably ■with the hips slightly elevated, 
assuring that the solution gets as high as possible (except in acute 
cases, when Fowler’s position is essential to reduce extension up the 
cervix and uterus and out into the tubes). Advise against sitting on a 
commode while taking a douche, as the solution does not remain in 
[ f long enough nor under sufficient pressure to distend all the 
‘Olds of the vaginal wall. 

Acute and chronic endocervidtis are the most common diseases 
cquinng douches, although the heat of the douche is of great value in 
acute and chronic salpingitis. 
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does not always tell of the exact location and the extent of the involve- 
ment. For this reason, intra-uterine irradiation is liable of inaccurate 
application, and for many years panhysterectomy was considered the 
method of choice. Recently, Burnam and others have reported excel- 
lent results from intra-uterine irradiation, which compared favorably 
with those of panhysterectomy without primary operative mortality. 
The intra-uterine irradiation technic is as formerly described with 
two or three times the dose — as high as 3,000 or 3,500 mg. hr. being 
given with brass-filtered radium and 3,500 to 4,000 mg. hr. with 
platinum-filtered radium. In extensive cases this might have to be 
repeated as occasion demands, the repetition of treatment in any case 
depending entirely upon the progress. Marked palliation is obtained 
even in advanced disease involving the broad ligaments, particularly 
when the treatment includes transpelvic irradiation. 

Ovaries. — As already mentioned, the ovaries are always affected 
when treating diseases of the uterus or the cervix. 

Benign lesions of the ovaries, then, which are treated with irradia- 
tion, are only those dependent upon functional activity. 

Carcinoma yields surprisingly well, but I believe an exploratory 
operation should always be done in the hope of removing the growth, 
or as much of it as possible, and allowing accurate localization of the 
remaining trouble for more effective postoperative irradiation. Irradia- 
tion of ovarian tumors without preliminary operation, except in rare 
instances where the tumor is massive and diagnosis is quite certain, 
is more or less working in the dark. I recall a patient of Howard A. 
Kelly’s who had been operated on in a distant city and the diagnosis 
of inoperable, adherent, bilateral carcinoma of the ovary made wth- 
out biopsy. Operation (at which I assisted) was performed in an 
effort to determine more accurately the exact nature of the growth and 
to remove as much as possible before irradiation. Two large chocolate 
cysts were found and completely removed, the patient making a 
splendid recovery. Electrosurgery was necessary to cut the tumors 
away from the densely adherent intestines. 

The dose of radium or x-ray should be carefully calculated and de- 
livered through as many portals as possible, cross firing upon the 
seat of the disease. An erythema dose is given through each portal, 
with careful protection of the skin to prevent overlapping. 
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Fic. 30.— Closed urethral applicator. (Courtesy of American Medicine.) 
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Acute Gonorrhea 


The local treatment of acute gonorrhea is only part of the thera- 
peutic measures necessary to cure the local disease, prevent salpingitis 
and protect the other members of the household. The accepted gen- 
eral medical measures must always go hand in hand with douches and 
external irrigations. 

In the acute stages, patients are usually in bed, where frequent and 
constant treatments are more readily given. The perineum and vulva 
are cleansed three or four times a day by copious irrigations, with a 
mild antiseptic solution, such as 2 per cent boric acid, bichloride of 
mercury (1:8000) or potassium permanganate (1:4000). Vaginal 
douches of similar solutions, at a temperature of 116° F. (46.67° C.), 
are given at low pressure, with the body elevated, preventing forcing 
the acute infection up into the cervix, uterus and out into the tubes. 
It is better here to use a soft rubber nozzle inserted a little way into 
the vagina, avoiding any abrasion. The heat inhibits the growth of 
the gonococci (Cherry); and large amounts of fluid, for instance, the 
long-employed gallon douches, greatly prolong the application to the 
cervix. After the acute stages have subsided, douches are supple- 
mented by topical applications and other treatments, which are beyond 
the scope of this chapter. 

Hyams ^ has described a unique instrument for, and method of 
ipplying, .prolonged irrigation to the urethra and to the cervix and 
yagitiUrwith hot solution at an exact temperature under accurate con- 
trol. The accompanying diagrams are sufficiently illustrative without 
further d^criptidn. 


Acute Urethritis 


Tfi^patie’nt is requested not to void for at least an hour before 
treatment, which is applied in the lithotomy position. One ounce of 
I per cent silver nitrate solution is injected into the vagina, bathing 
its walls, as well as the cervix, and held by a pledget of cotton in the 
outlet. The urethral open applicator (Fig. 29) is connected to a tank 
containing sterile water at a temperature between 114 and 118° F. 
(45.56 and 47.78° C.), and the external parts cleansed by irrigation, 
after which the applicator is inserted into the urethra for about 
one-quarter of an inch and held firmly against the meatus to prevent 
leakage. Water is allowed to circulate at a temperature varying from 
106 to 1x4° F. (41.11 to 45.56° C), according to the tolerance of 
the patient, under a little pressure, distending the urethra so that its 
entire surface is accessible and flushed. Applications usually last 
twenty-five minutes; then a cotton applicator, saturated with i per 
cent silver nitrate solution, is inserted into the urethra and left for 
ten minutes. The pledget previously placed in the vaginal opening is 
removed, the urethra and vulva dried and dusted wth a powder coo- 
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Fic. 30— CI<«d urtthral appIicaUif. (Courtesy rj Amcnun Meduinc.) 
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Fic. ji.—Cetncai Insinjroeat. 



Fig. \ I —Tank for stipp]>'>ng sterile water at cons-tanl temperature. 
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sisting of one part xeroform and three parts boric acid. A closed 
applicator is used for repeated treatments (Fig. 30), after the acute 
symptoms have subsided; and the duration of the treatment, tempera- 
ture and local medication are the same as in the open method. Daily 
sitz baths are essential, the patient being instructed to sit in the bath- 
tub and allo^v the hot water to run slowly and steadily for fifteen 
minutes by the clock. Detailed instructions are also given regarding 
general hygienic measures, regulation of diet, fluid intake and care of 
the bowels. 

Acute Endocervicitis 

Figure 31 shows Hyams’ instrument for continued irrigations of 
the cervix and vagina. The preliminary technic is similar to that 
described in the treatment of acute gonorrheal urethritis. After snugly 
fitting the cervical instrument into the vaginal orifice, a thermom- 
eter is inserted, light attached, the rubber tube from the hot water 
supply connected to the instrument, and the irrigation started. The 
vagina immediately distends, and by looking through the attached 
telescope the water is seen loaded with pus and debris, resembling 
a “violent snowstorm,” temporarily obscuring clear vision but soon 
clearing as the irrigation is continued. By manipulation of the cervical 
applicator, its tip is inserted just within the external os, the entire 
instrument then being held in place by a special holder, ..the water 
circulating at a temperature of 115 to 1x8® F. (46.11 to 47.78® C.). 
The patient experiences no discomfort so long as the circulating fluid 
remains confined wthin the vagina, but care must be exercised that 
none leaks around to irritate the skin. After twenty-five Iminutes of 
such irrigation the instrument is removed, and an ounce'6f;i- per '.cent 
silver nitrate solution is injected into the vagina to remairi for ten 
minutes, bathing the cervix as well as the vaginal walls. The skiff, of 
the vulva is then dried and dusted with the same dusting powder. 
The patient carries out similar home treatment as when being. treated 
for the acute urethritis. ' ' ' • 

Chronic Endocervicitis 

Douches and tampons are the time-worn treatments for chronic 
endocervicitis. When the infection has penetrated deeply into the 
racemose cervical glands, chemical solutions on tampons and the 
mechanical irrigation rarely serve to clean up the outlying posts of 
the trouble. Hot douches are of value in stimulating circulation and 
cleansing the vagina of the accumulated mucoid leukorrhea but other- 
wise are of limited value. Chronic endocervicitis, as indicated under 
Eleclrosurgery, needs more drastic treatment. During convalescence 
from such surgical measures, douches are cleansing and comforting. 
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Hy-drotherapy — Douches 


JilAUGNANT Disease of Cekvix, Vagina and Vulva 

As a matter of completeness, I reiterate what has been said else- 
where relative to the great comfort which douches are to the gyne- 
cologic patient suffering from malignant disease. Following irradiations 
of the cervix and vagina, there is always considerable vaginal drainage. 
Carcinomas of the vulva are associated with much weeping of serum 
and sloughing growth, always discomforting and annoying. An alkaline 
douche once or twice daily is most commonly used, as it neutralizes 
the acid, irritating secretions. 

Douche Prescriptions 

THE P. 11. C. DOUCHE 


Acidi borici iv 

Pulv. alum o i 

Pulv. phenol. o ii 

01, menth, pip o i ss 


Sig.; Mix well. A teasponful in a quart of warm water 
as a vaginal douche. 

THE A. B. C. DOUCHE 

I? Pulv. alum, exsic S j 

Phenol S 1 

Acidi borici 5 vi 

01 gaulth o i 

01. menth. pip xxx 

Sig.: A teaspoonful in a quart of warm water as a vaginal 
douche. 

If Acidi carbolic! o ss 

Sod, biboratis o i* 

Acidi borici a m 

Sig.: One dram in two quarts of hot water as a vulval 
douche, t. i. d. 

I? 01. mentb. pip .> ss 

Acidi carbolid 3 i 

Zinci sulphatis $ i 

Acidi borici 5 i'' 

Sig.: Two drams in one gallon of hoi water as a vaginal 
douche, b. i. d. 
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CHAPTER TWENTY-THREE 


THE USE OF PHYSICAL THERAPY IN OPHTHALMOLOGY 
Sanford R. Gifford, M.D. 

Introduction 

While always depending to some extent on such physical therapeutic 
agents as heat and cold, ophthalmologists in general have been rather 
slow to make use of the modern agents of physical therapy, such as 
ultraviolet light, diathermy, x-ray and radium. This conservatism has 
probably depended largely on a very proper fear of possible damage 
to the delicate structures of the eye, cornea, lens and retina by 
these agents. Such possibilities of danger undoubtedly exist, and it 
is only through the experiences of a relatively few observers in recent 
years that we are now able to say just what these dangers are and 
to arrange proper dosage and filtration so that they may be avoided. 
As a result of the same observations, we are now able to say some- 
thing as to the various conditions which are definitely benefited by 
these agents. This should mean only conditions in which phototherapy 
or radium, for example, offer advantages not enjoyed by the agents 
previously used, as needless expense and loss of time by both physician 
and patient should not be incurred by using more complicated meth- 
ods and instruments for the treatment of conditions which are satis- 
factorily relieved by simpler means. 

This chapter \vill attempt to consider, therefore, only the condi- 
tions in which physical therapy has very definite indications, and 
''ill give the technic and dosage which have been found safe and 
effective by observers with enough clinical experience to back up their 
statements. 

Thermal Therapy 

The use of heat and cold in ocular conditions should be governed 
by the same general rules as those for heat and cold elsewhere in the 
body. In the first stages of an acute inflammation, such as gonor- 
ophthalmia, acute conjunctivitis of other types or acute orbital 
cellulitis, cold applications often reduce the amount of swelling or 
prevent further swelling, and often relieve pain. They are best applied 
in (he form of shaved ice in a thin rubber container such as a rubber 
glove with the fingers lied off. This is wrapped in one layer of thin 
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gauze and placed over the closed lids. Cotton pads wrung out of ice 
water are also effective. Cold in one of these forms is often used for 
alternate hours during the period when swelling may be expected. 
Such treatment is of special value after certain operations such as those 
on the extra-ocular muscles which are frequently followed by con- 
junctival swelling. In any case of iritis with much pain, cold packs for 
not over 15 minutes to one-half hour at a time may be tried and may 
be of great value in relieving pain. When an ecchymosis of the lids 
(black eye) or a subconjunctival hemorrhage first occurs, cold appli- 
cations may cause contraction of the vessels and prevent further 
oozing. After 24 hours they are probably of no further value, and 
should be replaced by hot packs which seem to hasten the process of 
absorption. 

The same is true in most inflammatory conditions in which, after 
the initial swelling has been minimized by cold packs for 48 hours, 
the use of heat is generally of more value. 


Moist Heat. — In most cases moist heat can be efficiently applied, 
and requites no special equipment. A pad of cotton is placed on the 
eye, as the patient lies in bed with the eyes closed. First warm water, 
and then hotter water, is dropped on the cotton with an ear syringe 
or a dropper till the highest temperature which is tolerated without 
pain is reached. This temperature is kept up for 20 minutes and 
such applications are given three or four times a day. It is important 
to give proper instructions either to nurses or to members of a patient’s 
family, when the effect of hot packs is desired. Patients should un- 
derstand that with the lids closed, there is no danger in using ordi- 
nary water, and it is usually best, since if any solution, such as 
that of boric acid, is used, there will seldom be enough solution, or 
hot enough solution, to give a proper pack. 


Dry Heat. — ^Where dry heat is desired, as after intra-ocular opera- 
tions, the various infra-red I^nps are clean, safe and effective. They 
should be placed at such a distance from the eye that the heat is not 
actually painful, and treatments should last 20 to 30 minutes. The 
heat of an ordinary reading lamp may be used for this purpose. Park 
Lewis has described a convenient small infra-red lamp made to fit 
snugly over one eye, which can be used by the patient himself. The 
Kopflichtbad used in many German climes is a box which fits over the 
head and contains four to six electric light bulbs, which can be turned 
on to give varying amounts of heat to the head. The congestion of 
the head so produced is claimed to be more beneficial than packs to 
the eye alone. 

Other methods of using heat, such as diathermy and the thermo- 
phore, will be described later. 



Phototherapy 


Chapter 231 Q 
Voltme ui « 


Phototherapy 

In using light on the eye or adjacent structures, there are several 
factors which make the effects different from those of light applied 
elsewhere in the body. Most important of these is the transparency of 
the ocular media, which allows access of certain kinds of light to 
the deeper structures, and which may be impaired by too great a 
dosage of active rays. 


Absorption. — The normal cornea absorbs 50 per cent of the longer 
infra-red rays, between 18,000 and 16,000 A®, the other half being 
absorbed by the lens. Between 16,000 and 13,500 A®, the cornea 
absorbs almost all the light, while from 15,500 down to the beginning 
of the visible red rays at 7,700, an increasing amount is transmitted, 
reaching 100 per cent for the rays of the visible spectrum, 7,700 
to 4,000. In the ultraviolet region it absorbs practically all rays below 
2,950. The aqueous and vitreous humors transmit all rays which pass 
the cornea. The lens, besides absorbing most of the longer infra-red 
rays which pass the cornea, absorbs 25 per cent of rays between 
13*500 and 11,000 A®, all the ultraviolet rays between 2,950 and 
3,200 and part of those between 3,200 and 4,000. These ranges of 
absorption are important since it is only the absorbed light which is 
effective, or in larger doses, harmful. 


^ Sensitiveness. — It may be expected that the cornea will be espe- 
cially sensitive to ultraviolet light. It is sensitive not only because 
of its absorption, but because of its rich supply of nerve endings, 
and this sensitiveness is the second factor which must be considered 
as peculiar to the eye. When the cornea is exposed to a source of 
ultraviolet light of sufficient strength, an abiotic reaction begins after 
six to eight hours, with sueHing and irregularity of the corneal epi- 
thelium, and the formation of vesicles. If the exposure is longer, 
the epithelium is completely desquamated, the corneal corpuscles show 
fragmentation of their nuclei, and eosinophile cells appear in the 
cornea. This occurs, of course, only with exposures much longer than 
those used for therapeutic purposes. Even a slight abiotic reaction 
oyer a large area of cornea is intensely painful. It is the real basis 
of photophthalmia or snow blindness and may occur in typical form 
after accidental exposure to the flash of an electric arc. 

It was formerly believed that snow blindness was due to the effect 
of ultraviolet light on the retina. From what we now know of the ab- 
sorption of ultraviolet by the cornea and lens, it is apparent that only 
* f ultraviolet rays between 3,200 and 4,000, and only part 

these, ever reach the retina, and changes in the retina as a result 
of these rays have not been shown to occur experimentally. The retinal 
changes produced In rabbits by Birch-Hirschfeld were chiefly in eves 
from which the lenses had been removed, and after much longer ex- 
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posure than is ever used clinically. Large doses of infra-red rays, on 
the other hand, may cause injury to the retina, and this is what occurs 
occasionally after looking at an eclipse of the sun, when atrophic' 
changes in the central retina may later be seen with the ophthalmo- 
scope. 

The ultraviolet rays which pass the cornea may, in large doses, 
have the same effect on the epithelium of the lens capsule as on that 
of the cornea, and Duke-Elder 'warns against this in using photo- 
therapy. The only clinical reports of cataract after phototherapy, 
however, of which I can find record are the two cases of Scheerer, 
and in these cases some x-ray treatments had also been given. It has 
been sho^vn in the clinic of Vogt that very large doses of ultraviolet 
are tolerated by the lens without any opacity developing. In the same 
work, however, it was found that the infra-red rays which pass the 
cornea did produce lens opacities. It is to guard against this that the 
source of light used for phototherapy must be seriously considered. 

Sources of Light. — General Irraoiation. — For general irradia- 
tion of the body, the larger mercury vapor arc lamp^ is usually used, 
in a quartz tube. Types of this are the Jeslonek light, a light de- 
scribed by Duke-Elder ^ which, wth the addition of a screen and 
quartz applicator, is also suitable for local applications to the eye, and 
the air-cooled mercury quartz lamps, which are now being used rather 
extensively, especially by pediatricians, and which Koeppe has used. 
In Copenhagen, where the Finsen iron arc light was first used for tuber- 
culosis, a type of large carbon arc has finally been selected as the one 
whose spectrum most nearly approaches that of the sun, and this is be- 
ing used for general irradiation.- The object of this treatment is to 
produce a mild skin reaction, which has been shown to increase the bac- 
tericidal. p'm^er: of the blood, and so it is of value especially in tuber- 
culous conditions and phlyctenular keratitis. In the technic used at 
Moorfields Hospital, one-third of the body surface is irradiated at each 
sitting 'With., the mercury arc lamp, the dose being found which will 
produce a slight erythema, and this is repeated on other areas two or 
three times a week. After fifteen such treatments, a carbon arc light is 
then used which is richer in the long ultraviolet rays, and has a more 
penetrating effect. Five treatments with this are given, and after two 
to three weeks of rest, another course is given if necessary. 

Local Irradiation. — For local treatments to the eye with ultra- 
violet light, Duke-Elder uses a mercury vapor arc slitlamp apparatus, 
with a quartz lens system; Koeppe, the water-cooled mercury quartz, 
lamp, a small mercury arc in a w’ater-cooled quartz container, \vith a 
quartz applicator. The light which is used in most European clinics, 
and which I have used in most cases, is the Birch-Hirschfeld irradiation 
lamp, a carbon arc, wth a filter of uviol glass, and a quartz lens system, 
one lens of which is movable, so that a fine bundle of light can be 
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focused on the corneal lesion (Fig. i). A quartz cell containing 0.5 per 
cent copper sulphate solution was used by Birch-Hirschfeld to remove 
the infra-red rays. This absorbs some of the ultraviolet rays, all, in fact, 
below 3,050 A°. Hence distilled water in the cell, which has the same 
effect on the heat rays, is to be preferred. 

Uviol Filter . — Since the uviol filter removes some of the infra-red 
rays, I have often used the lamp without any other filtering solution 
and have never seen any damage to the cornea from the slight heat 



*• — ^irch-Hirschfeld Irradiation lamp with unol filter and quartz lens. (Cell for 
distilled water not shown.) 
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effect produced, which may itself have some beneficial effect. The uviol 
filter removes most of the visible rays which produce dazzling rays, 
transmitting only a narrow band of visible rays in the blue-violet, the 
effect of which is rather to decrease photophobia and corneal sensi- 
tivity. Figure 2 shows the spectrum of this light. Without any filters it 
transmits a uniform band down to 2,300 A®. With the uviol filter 



Fia 3.— Spectrum of Oirch>Hirsch(eld lamp, a. Arc light without filter; b, arc 
u\iol and copper sulphate fillets; e, arc light with u\iol filter. 
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Lupus of the Lids; Conjunctiva.— Lupus of the lids and con- 
junctiva was first treated by Lundsgaard wth the Finsen light, which 
he found superior for this purpose to the mercury vapor lamps because 
its spectrum contains more of the longer ultraviolet rays, so that a 
deeper effect is produced. The cornea was protected by cotton and the 
light applied to the everted lids, which were made anemic by pressure 
with a quartz applicator. Treatment lasted one to two hours, producing 
a second degree erythema with membrane formation. The water-cooled 
mercury quartz lamp requires much shorter exposures, and good results 
have also been obtained ivith it. Axmann used a mercury vapor arc 
with success in similar cases. He did not protect the cornea, and saw 
corneal opacities clear up under the irradiation. 

I have used general light baths in severe cases of pblyctenulosis, 
sclerosing keratitis, tuberculous iridocyclitis and iridocyclitis of un- 
known origin. I believe they have been of distinct value in clearing 
up these obstinate conditions, and have been encouraged to make 
ise of them more frequently. Like foreign protein injections, light 
'aths often seem to produce a sudden shower of antibodies in the 
•lood, sufficient to start the healing process. Naturally other methods 
f treatment are not neglected in these cases. 

Trachoma, — Lundsgaard^ submitted lop eyes with trachoma to 
reatments with the Finsen light by much the same technic. He 
eports that many were cured after one or two applications, old cases 
vith the disease deep in the lids being among those cured. In some 
:ases, more treatments, as many as seven, were necessary. Isaak 
reated 12 eyes in the same way with good results, the follides often 
lisappearing in one week. Mohr and Baum and Chotzen and Kuznit- 
.ky used the water-cooled mercury quartz lamp Nvith a special quartz 
ipplicator the shape of the lid, backed with metal so that the cornea 
vas protected. In early cases, the results were rnuch better than when 
-he ordinary treatment was used, but in cases with extensive scar 
formation the effect was not deep enough. Marked clearing of the 
pannus was seen in many cases. Lundsgaard later (1918) reports 
that with the Finsen light, the length of treatments need be only 
20 to 30 minutes, and that two treatments often produce healing. 
In my hands treatment of trachoma by irradiation has been disap- 
pointing and I believe it is now seldom employed. 

Serpent Ulcers. — ^The treatment of serpent ulcers by light was 
begun by Hertel, who used a magnesium light in 26 cases. Two-thirds 
of these cases healed T,vith much slighter scarring than was shown in 
similar cases treated by other methods. Schanz, in 1913, reported on 
the use of a carbon arc and also the quartz lamp, both of which de- 
livered light of short enough wavelength ,to kill bacteria in the cornea. 
While his results were good, be did not* believe they surpassed those 
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obtained by other methods, and gave up this form of treatment in 
favor of optochin. 

His arc light wth uviol filler and quartz lenses was in its essentials 
much the same as that used by Birch-Hirschfeld. This author ^ has 
been a most enthusiastic advocate of phototherapy for serpent ulcer, 
and considers it the treatment of choice, saying that it brings about 
healing in the shortest time with the least scar formation. Up to 1924, 
he reported 280 cases treated in the Konigsberg Clinic, mth 8.5 per 
cent of eyes lost. Hoffmann ® reports on 190 cases treated since then, 
with only 4.6 per cent of eyes lost. Before the use of phototherapy, the 
losses averaged 32 per cent. 

The arc light with uviol filter and quartz lenses was used for treat- 
ments of four to ten minutes, given once or twice a day. Fluorescein 
or rose bengal, 2 per cent, is first instilled into the sac to stain 
the cornea, as these dyes are believed to sensitize bacteria to the 
action of light. Birch-Hirschfeld advises using rose bengal for the 
first treatments, since it has the greatest effect on the organisms, then 
fluorescein, and finally, when there is delay in epithelization, rose ben- 
gal and short applications of light (3 minutes). Some interesting experi- 
mental work has been done by Passow’ on these “sensitizers.” Ex- 
posing plates inoculated with Staphylococcus aureus to the arc light, 
he found that without sensitizers, 120 seconds were required to kill 
the organisms, while when fluorescein was first used, the organisms 
were killed in 30 seconds, and when 2 per cent rose bengal was used, 
in 10 seconds. With a Hammer lamp, which transmits chiefly visible 
rays, and rose bengal, the organisms were killed in 10 seconds, but 
without the rose bengal this light was without any effect. 

Much the same results were obtained when organisms were exposed 
in fluid of various depths, the Hammer lamp and rose bengal being 
the only combination which could kill organisms in layers 8 mm. deep. 
In pus the arc light with rose bengal was effective only in layers o.i 
mm. thick. In experimental corneal ulcers produced by B. suisepticus, 
irradiation with the Hammer lamp and rose bengal produced better 
results than the other methods which were tried, and seemed to justify 
the belief that such treatment in serpent ulcer could have a bacterici- 
dal effect. 

Bactericidal Effect. — Planck states that sensitizers increase the bac- 
tericidal effect of visible rays, but have no effect on ultraviolet rays. 
This opinion seems to be confirmed by Passow’s results, which appar- 
ently depended chiefly on the visible rays. Gilbert reports excellent re- 
sults in serpent ulcer with the Birch-Hirschfeld lamp, which has made 
paracentesis and the cautery imnecessary in his cases. Stock, how- 
ever, who has tried the same light in various conditions, reports no 
gwd results in serpent ulcer. Passow’’s demonstration of the enormous 
r ^ ^ ^ opaque layer of pus in diminishing the effect of 

light would suggest that a bactericidal effect would be very difficult 
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to obtain in a serpent ulcer when the bacteria were lodged in the par- 
tially opaque cornea and were covered by a layer of exudate. 

Herpetic Keratitis. — In herpetic keratitis, including dendritic 
ulcer and allied conditions, however, the virus affects the superficial 
layers and here, as would be expected, good results are reported by 
phototherapy. Stock reports almost unfailing success in these condi- 
tions, one treatment of five minutes often being sufficient. Peppmuller 
reports good results in severe cases. Of other forms of keratitis, phlyc- 
tenular keratitis has not usually shown a favorable response to local 
light treatments, while it does usually respond to general treatment. 
Interstitial keratitis has not usually responded well, although Hensen 
reports good results in the avascular form by the use of the air-cooled 
mercury quartz lamp locally for short exposures '(one-fourth to one 
minute). Tuberculous keratitis has done well under treatment in the 
hands of Chotzen and Kuznitsky and others. Stock reports one good 
result in rodent ulcer. 

Blepharitis, — Blepharitis which does not respond to the usual 
methods has been treated by Duke-Elder with the mercury vapor slit- 
lamp with good results, and by Poyales with the carbon arc light. 

Results from Use of Uviol Light. — Fifty-three cases were treated 
by the author with the uviol light 

Serpent Ulcers. — The few serpent ulcers which were given photo- 
therapy were also given the usual forms of treatment, including ap- 
plications of optochin and trichloracetic acid and delimiting keratot- 
omy. Their course differed in no way from that of other serpent 
ulcers, except that the pain and photophobia were usually relieved for 
some time followng each treatment. In very early serpent ulcers, none 
of which were seen in this series, phototherapy might be effective and 
would cause a minimum of damage to the cornea. Perhaps belter results 
would be obtained by employing, as Kubik in a personal communica- 
tion has advised, very long exposures, up to 15 minutes rivice a day. 

Corneal Lesions. — ^The most marked effect of phototherapy was 
seen, as might be expected, in superficial corneal lesions, such as her- 
petic or dendritic ulcers, which tend to spread over much of the cornea 
without involving the deeper layers. Here treatment by strong caustics 
or by paracentesis has, in my experience, been harmful, as apparently 
offering a foothold for the herpes virus on necrotic tissue, and allow- 
ing a deeper involvement of the cauterized areas. Fifteen such cases 
were given phototherapy, an exposure of three to five minutes being 
given every two days, until the ulcer ceased to stain \vith fluorescein. 
Rose bengal or fluorescein was used before treatment in all cases. The 
number of treatments required varied from four or five in mild cases 
to twenty-five in one case which showed several recurrences. All cases 
healed with a thin scar allowing useful vision, and although there were 
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recurrences in several, these responded to the same treatment. In most 
cases, the time required for healing was considerably shorter than 
that which would have been expected from the type of ulcer present. 
The most marked effect was seen after the first few treatments, and 
in five cases healing occurred after two to four treatments, with al- 
most negligible scar formation. (In one case, this occurred after one 
treatment.) Later treatments seemed to have less effect. While this 
may be explained by the assumption that the herpes virus was deeper 
seated in these cases, a distinct impression was formed that the cornea 
became tolerant of the light and ceased to be stimulated by it, or that 
the resistance of the virus to light was increased. 

In nearly all these cases, the effect of light treatments on the pain 
and photophobia was marked from the first. It seems remarkable that 
a patient suffering from intense photophobia can be made to look 
fixedly at the uviol light for five minutes with very little discomfort, 
and that he will afterwards be able to endure ordinary light much bet- 
ter than before. 

Epithelial Dystrophy. — ^Another condition which would seem es- 
pecially adapted to phototherapy is epithelial dystrophy of the cornea, 
and in the milder forms of this, showing no gross bleb formation, but 
containing, as revealed by the sHtlamp, countless minute areas which 
stain with fluorescein, some good results were obtained. Six such cases 
were treated, and although dionin was also given, they seemed to re- 
spond more rapidly than those given dionin alone. One case healed in 
thirteen days after five treatments, and the tension, which had regis- 
tered 24 Schiotz, decreased to 1$. One case, which developed during 
iritis, healed in ten days after seven treatments. 

In one case of the severer form, with some deeper corneal opacities, 
the light treatment was without effect. Two cases of the probably allied 
condition of recurrent corneal erosion, in which large blebs were 
present, were given one to three treatments, but without marked effect, 
and abrasion and bandage were resorted to. No other reports have been 
seen of the treatment of epithelial dystrophy by phototherapy. Recent 
reports by Post and Green indicate a definite beneficial effect of photo- 
therapy in typical epithelial dystrophy. In the apparently very favor- 
able cases, it is impossible to state that the good results were due to 
phototherapy, since some cases respond very well to dionin. Here no 
organisms or virus can be made, responsible for the condition, so the 
apparent effect of phototherapy must be due to a stimulation of the 
epithelium. 

Corneal Scar. — Of types of ulcer other than serpent ulcer and 
herpes corneae, a good effect was obtained in two cases of corneal scar 
With degeneration and ulceration over the scarred area, which healed 
3 ‘ter three and four treatments respectively. In one case of phlyctenu- 
lar ulcer, the effect was at first good, especially on symptoms, but the 
condition recurred during treatment. In another, no effect was noted. 
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Sclerosing Keratitis. — Because of the favorable reports of Stock 
and others on its use in tuberculosis of the anterior segment, photo- 
therapy was tried in three typical cases of sclerosing keratitis prob- 
ably due to tuberculosis, because of positive tuberculin reactions and 
negative results of a search for other causes. One very severe case did 
not return for more than one treatment. The other two, however, 
showed a quite distinct improvement on phototherapy. In these cases, 
where we do not know whether the tubercle bacillus is present in the 
cornea or sclera, and where a good deal of opaque tissue is opposed 
to the penetration of light, the assumption of a stimulating effect of 
light, producing a dilatation of the capillaries and bringing in a new 
supply of antibodies, seems the only one which will account for the 
apparently marked improvement. 

Mooren’s Ulcer. — In one case of Mooren’s ulcer, the progress of 
the ulcer stopped during the first three treatments, but then began 
again in spite of further treatments. No effect was observed in two cases 
of extensive corneal erosion, one from lime burn and one from acid. 

Trachomatous Ulceration. — Of the five cases of trachomatous 
ulceration treated, three responded very favorably to phototherapy. 
Two of these cases had resisted all other treatment, and the light ap- 
peared to be the factor which turned the scale in favor of healing. In 
one of these, treatments were given Uvice daily for three days. 

Blepharitis. — The six cases of blepharitis subjected to light treat- 
ment were very severe ones, which had shown no response to yellow 
oxide of mercury, correction of refraction, and systemic treatment. 
Four responded very favorably, after twelve, three, six, and seven 
treatments, respectively- In two an autogenous vaccine was given at 
the same time, but in the other two the light was apparently the only 
factor responsible for cure. The uviol light was focused on the same 
area and moved back and forth for the same length of time. While 
the results in these cases were apparently very definite, I do not insist 
upon them, as I have found two or three proper treatments with x-ray 
to be as effective, if not more so, in obstinate cases, and this treatment 
is less time-consuming for the patient. 

In using the uviol light, I have never seen any harmful effect on the 
lens or deeper structures, nor has the lesion treated ever been made 
worse by such treatment. 

Results from Use of Mercury Vapor Arc. — ^Twenty-eight cases 
were treated by the mercury vapor arc. In this series two sizes of 
quartz applicators were used in the treatments, one of eight millimeters 
for treating the lids and conjunctiva, and a small one of two and one- 
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half millimeters for small corneal lesions. In later work, the conical 
applicators described later were used. Through fear of causing painful 
light reaction, the dosage first used was small, but it was found that 
45 seconds could be safely used on corneal lesions, repeated, if neces- 
sary, on other areas of the same cornea, two to three minutes to the 
conjunctiva of one lid and fold, and to the whole lash border of each 
eye. The expected symptoms of light ophthalmia did not materialize. 
Only a few patients complained of burning after treatments, and in 
only one case were these symptoms severe enough to cause the treat- 
ments to be discontinued. One patient developed two punctate corneal 
infiltrations after his lids were treated, but these healed in 24 hours. 
The conjunctiva was treated by everting the lid and keeping the cornea 
under the opposite lid. 

The best results were obtained in blepharitis, two cases being prac- 
tically healed after one treatment, and the other much improved. One 
case of dermatitis was entirely relieved of itching after one treatment, 
and the lids became smooth. The reaction around severe deep horde- 
olum seemed to subside rapidly after light treatment and the sty opened 
spontaneously earlier than was expected. One subsided after two treat- 
ments without becoming purulent. Chronic conjunctivitis with blephari- 
tis responded well when light was applied to both the conjunctiva and 
lash border. 

While the Birch-Hirschfeld lamp or Duke-Elder’s mercury vapor 
arc slitlamp is probably the most effective instrument for applying 
light to corneal ulcers, the ordinary mercury vapor light or an air- 
cooled light with quartz applicators is almost necessary for the treat- 
ment of the conjunctiva and better for treating blepharitis, as larger 
amounts of effective ultraviolet may be delivered over larger areas 
than with the former instruments. I believe the cornea may also be 
treated effectively and safely with the mercury vapor light, by using 
small applicators and directing the light away from the pupil. The 
attachments for the use of this light made for Dr. Coulter of the 
Physical Therapy department. Northwestern University (Fig. 3), are 
convenient for limiting the light to a desired area of cornea or lids, 
the apertures for the cornea varying from 1.5 to 5 mm. in diameter 
and being 3.5 cm. from the light, and the one for the lids and con- 
junctiva being a slit 5 mm. wide and 3 cm. long. With these, the use 
of quartz applicators, which make the amount of light delivered a 
variable quantity, is unnecessary. 

Dosage. — ^The question of dosage, which is important, depends on 
several factors. When most of this work was done, no satisfactory 
system of measuring dosage had been arrived at. The time of ex- 
posure for the uviol light recommended by Birch-Hirschfeld was ac- 
oepted, since with this instrument large doses could be given with- 
out producing erythema or corneal erosion, and it was thought that 
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some of the effect was probably due to heat rays and to visible rays 
acting with a sensitizer. With the mercury vapor arc light, experiments 
on the rabbit’s cornea, and cautious clinical use of the light, indicated 
45 seconds for the cornea and two minutes to the lids as a safe dose. 
Mercury vapor arc lamps vary considerably in the amount of light 
delivered, and individual patients also vary in their reaction to given 
amounts. It now seems safest to try out each patient with the lamp to 
be used in order to find the time necessary to give a skin erythema, 



Fio. 3.— -Coulter's applicators lor usidr the mercury vapor aic lig^t. A, cointal appli- 
cators of i.s-S-S mm. iameter and bolder. B, applicators for treating lids and con- 
junctiva. 


using 75 per cent of this as the initial dose for the cornea, and 75 
cent for each lid border or the conjunctiva of the lid. With a powerful 
light source, such exposures require considerably less time than me 
doses mentioned above. Even these doses may cause moderate reaction 
with marked photophobia, and the feeling of a foreign body persisting 
24 to 36 hours. 


Summary Of Phototherapy 

I. Beneficial effects of phototherapy, especially with ultraviolet 
light, may be explained in four ways: by a direct bactericidal effect, 
by stimulation of the epithelium, by improved nutrition from the 
hyperemia produced, and by an increase in the antibodies of the blood. 

II. General light baths with the mercury vapor arc are of great 
benefit in phlyctenular keratitis and in ocular conditions due to tu- 
berculosis. 

III. Local phototherapy is of benefit in superficial corneal ulcer, 
tuberculosis of the cornea and conjunctiva, and blepharitis. 

IV. Herpetic lesions show the most marked effect of such treatment, 
some healing after one or two treatments. 
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V. No marked results were seen in serpent ulcer in this series, but 
the reports of others would seem to justify a trial of such treatment, 
especially in early cases, other forms of treatment not being neglected. 
The len^ of treatment in these cases might well be increased to ten 
minutes twice a day. 


Diathermy 

Diathermy, medical and surgical, has not attracted so much atten- 
tion from ophthalmologists as has phototherapy, if one is to judge by 
the relatively small number of reports in the literature. A recent hand- 
book by Monbrun and Casteran “ presents evidence of distinct advan- 
tages for these methods in a number of ophthalmologic conditions. 
These authors point out the danger of generating intense heat near the 
eye and state that it should never be employed for the treatment of 
intra-ocular diseases. Medical diathermy has been shown experimen- 
tally to increase intra-ocular tension and so should never be employed 
in glaucoma. The forms of apparatus commonly employed are not 
suitable for use in ophthalmology, where much weaker currents must 
be utilized. A special milliamperemeter recording currents below 500 
mhViamperes is necessary and this current should ordinarily not be 
exceeded. These authors describe (Figs. 4 and 5 ) a special ebonite 
handle with applicators in the shape of delicate needles, hooks and 
blunt instruments suitable for surgical diathermy about the eye, and 
a set of metal eyecups fitting over the closed lids to be used for a more 
diffuse heat effect (medical diathermy). The Hds are controlled by a 
glass lidholder. While some such special equipment for ophthalmic 
work is necessary, this need be neither cumbersome nor expensive, 
and with the precautions mentioned above, certain procedures may 
apparently be carried out very conveniently and with perfect safety. 

Trichiasis. — One condition in which there is no doubt of the efficacy 
and convenience of diathermy is that of trichiasis, where a few lashes 
must be destroyed. The generally used method of electrolysis, while 
effective, required that the current be continued 30 seconds for de- 
struction of each lash follicle, and in spite of careful local anesthesia, 
can seldom be accomplished without some pain of a very unpleasant 
kind, with a tendency for the patient to make involuntary jerking 
movements. Surgical diathermy requires only one second for the de- 
struction of each lash, and after infiltration with novocain the pro- 
cedure is painless. Monbrun and Casteran advise the use of a single 
sharp needle, which is inserted in the follicle, as the active electrode, 
the indifferent electrode not being connected. A current of only 150 
miiliamperes is used, for one second, and the current is shut off with 
the foot pedal before the needle is removed, as otherwise a spark will 
he produced. If the lash resists gentle traction with the lash forceps, 
the coagulation has not been sufficient and should be repealed. A 
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number of lashes may be removed in this way at a single sitting, but 
if more than six to eight intumed lashes are present, it will be more 
convenient to perform a plastic operation. The same method may be 
employed for the corneal portion of a pterygium but is more compli- 
cated than surgery. 

Chalazion. — Chalazion of the ordinary type is also more simply at- 
tacked by surgery, but where a small chalazion is present on the free 
lid border, rather a delicate surgical procedure is required with the use 
of a stitch. Here diathermy presents distinct advantages because of the 
slow necrosis produced, with resulting delicate and practically invisible 
scar. Here the ordinary method is employed, with a large indifferent 
electrode under the patient, and a small needle as the active electrode. 
This is passed into the chalazion after infiltration and a current of 
200 to 300 milliamperes is used for one second, this being repeated 
two or three times with the position of the needle slightly changed, 
according to the size of the chalazion. 

Division of Cicatricial Bands of Orbit. — Another use of surgical 
diathermy which seems important, if the experience of these French 
observers is confirmed by others, is the division of cicatricial bands 
of the orbit -which prevent the wearing of an artificial eye. When these 
are divided surgically, adhesions invariably occur, so that free grafts 
of skin or mucous membrane are necessary. On account of the delicate 
and nonretractile scars formed after electrocoagulation, it is claimed 
that such bands may be simply coagulated with a needle-hook, using 
the same method with two electrodes. The bands should not be cut, but 
only sufficient current and traction should be used to turn them white, 
usually two to three seconds of 200 to 300 milliamperes being suffi- 
cient. No sutures or dressings are necessary. A temporary small pros- 
thesis may be worn immediately afterwards and a permanent one made 
after 15 days, when elimination of the necrotic tissue is complete. The 
same procedure may be used for neoplasms of the lids, using the elec- 
trode knife, with the advantage that a “barrage” can be made at the 
periphery by partial coagulation which will prevent the escape of 
tumor cells from the diseased area. In many cases, however, excision 
of the tumor with plastic repair is preferable. 

Large Tumors. — In large tumors requiring evisceration of the 
orbit, surgical diathermy * has long been used, because such coagula- 
tion blocks avenues of extension and may be performed with very lit- 
tle bleeding. For this purpose the use of two active electrodes is advan- 
tageous (see Fig. 6), the indifferent electrode being replaced by a 
branched handle carrying two small electrodes a short distance apart. 
An intense heat is generated only in the zone between these two elec- 
trodes. This allows complete destruction of neoplastic tissue without 
danger of bony necrosis which may occur after using the other melh- 

t Note: The term turgiul (tiathermf as used here is synonymous with the term eteclro- 

k'ry u»ol IQ ether chapters. 
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ods by which the zone of radiation cannot be so accurately localized. 
A current of slightly over 500 ma. is necessary. Monbrun and Casteran 
recommended that such large growths be destroyed in several sittings. 



Fic. 6. — o[ surgical diathcitny with (wo active electrodes. (Froai Monbrun and 
Cosleran.) 


This possibility of dividing the operation without fear of causing ex- 
tension is one of the great advantages of the method, as after the 
slough has separated, one can fudge the necessity of further interven- 
tion. 

Orbital Cellulitis, — ^The indications for medical diathermy in dis- 
eases of the eye are by no means well established. Perhaps the only 
condition in which it has advantages is the occasional orbital cellulitis 
which does not localize well enough for incision to be effective. Here 
a large sheet of tin or aluminum is moulded to cover the region which 
is used as the active electrode, the still larger indifferent electrode 
being beneath the patient. It must be remembered that the larger the 
active electrode, the less heat is generated at any point, so that this 
method avoids a degree of heat dangerous to the eye, provided diat 
only 200 to 400 ma. be employed, and the current reduced when- 
ever the heat becomes uncomfortable to the patient. Treatments should 
begin with 5 to 10 minutes and should be increased to not over 25 
minutes, being repeated every two to three days. Marked relief from 
pain may result from such applications in the neuralgia of herpes 
zoster, and Jfonbrun and Casteran report good results in certain cor- 
neal ulcers, especially those following facial paralysis. It seems best to 
follow their advice not to employ diathermy in intra-ocular diseases, in 
spite of reported good results in relatively small numbers of cases of 
various conditions by Lofflet and WelUsch • and others. These authors 
employed the method in glaucoma, in which experimental evidence, 
according to the French authors, definitely contra-indicates it. 

Since the surgical treatment of retinal detachment was shown by 
Gonin to be practical, most authors have employed some form of 
electrocoagulation for this operation. The area surrounding the retinal 
tear which is almost invariably present is surrounded by areas of coagu- 
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lation. This is administered either through the exposed sclera by the 
flat or ball-shaped electrodes oi Weve, or directly into the choroid by 
the pins of Safar, Walker or Weve, which ate forced through the 
sclera under a current of 6o to 75 ma. For surface coagulation of the 
sclera which is often employed with perforating diathermy, a current 
of 150 to 200 ma. is employed, each area being treated for five to six 
seconds. For the detachment operation the apparatus of Walker is 
satisfactory, but others generating higher current for electrosurgery 
may also be employed. 

The use of high frequency currents (electrolysis) has been em- 
ployed for treating retinal detachment by Vogt, Walker and others. 
Very careful localiaation of the retinal tears is necessary, their edges 
being touched directly with fine needles generating high frequency 
currents of very low amperage, seldom over i to 2 ma. 

Instruments. — It is regrettable that instruments for diathermy are 
not standardized so that a stated dosage will be the same with all 
instruments. On account of variations in voltage and other factors, the 
doses in milliamperes given above will have only a relative value, 
indicating to the physician a very weak or very strong coagulating 
effect desired, from which he must calculate dosage with the machine at 
his disposal. Fortunately the immediate local effect of the electrode on 
the tissue furnishes the best evidence of the total dosage required. 

The number of cases in the private practice of the average ophthal- 
mologist really suitable for diathermy will be too small to warrant 
his obtaining the full equipment necessary. Such equipment, however, 
IS now available in most modern hospitals and clinics, and the eye de- 
partment of many such institutions could easily obtain the slight addi- 
tional equipment necessary to treat ophthalmologic cases. Hence the 
modern ophthalmologist will wish to be prepared, so that he may per- 
sonally supervise the use of medical diathermy or employ surgical 
diathermy in the occasional cases where they are definitely indicated. 

The Thermophore 

A device for the accurate application of ordinary heat to lesions 
of the eyes and adnexa is the thermophore, described some 15 years 
ago by Shahan. This is an electrically wired unit which may be ad- 
justed to any desired temperature, with metal applicators to fit small 
lesions of various shapes and sizes. Post has recently summarized 
some of its uses, emphasizing especially its effect in deep infiltrations 
0 * the cornea which are not accessible to antiseptic agents. Here a 
emperature of 63 “ C. (145.4 ** P*) ^ applied for one minute. Small 
Sranulomas of the free lid border which are probably of the 
same nature as chalazia yield readily to the same treatment, and 
anihelasmas are sloughed off with a minimal scar following one or 
''•o such applications, he states. This instrument is not so widely 
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used today, apparently, as it was soon after the perfected model 
appeared, and this is probably because the results in serpent ulcer, for 
which it was especially advocated, proved disappointing. 


X-Ray and Radium 

In the use of x-ray and radium, precautions against harmful effects 
on the ocular structures are even more important than in the forms 
of physical therapy previously discussed. The hard roentgen rays pene- 
trate the lids and cornea and arC; absorbed in large part by the lens, 
where the resulting reaction has in a number of cases produced cata- 
ract. This has usually followed large doses given for carcinoma of the 
lids or for lupus. Stock “ reports sudi a case in which glaucoma also 
developed following one irradiation of no per cent skin erythema 
dose, and another following repeated small doses. A fairly large num- 
ber of other cases have been reported and we now know that small 
repeated doses have a -cumulative effect, and that the lens changes 
may not appear for long periods after the irradiation, often not for 
one and one-half to three years. 

Individuals vary greatly in their susceptibility to x-rays, which 
must be remembered in considering the absence of lens changes ob- 
served by Birch-Hirschfeld after intensive irradiation of animals and 
the statement of Rados and Schinz that 150 per cent skin erythema 
doses were tolerated by the eye without reaction in their cases. Dam- 
age to the lids and cornea is also ^ssible, the permanent loss of cilia 
being a not uncommon and sometimes necessary result of irradiation 
for carcinomas of the lids. Stock quotes, besides his own, several cases 
of glaucoma apparently resulting from x-rays. 

^Vhe^e the lids or orbit are to be treated, the globe should always 
be protected. Stock advises the use of MulIer^s lead-glass proslheses, 
which cover the corneas like artificial eyes. I have been informed, 
however, by roentgenologic colleagues, that the amount of lead in 
these prostheses is insufficient for protection, and have used sheets of 
leadfoil moulded in the same manner. The glass reform eye filled with 
mercury which was used by Rohrschneider gives a layer of mer- 
cury ample for protection, and is comfortably worn (Fig. 7). Pro- 
tection of the globe is not possible when neoplasms of the cornea or 
bulbar conjunctiva are treated, and hence surgery is more practical 
for these when possible. Small carcinomas of the lids, also, when seen 
early, may usually be excised completely \vith primary plastic closure 
of the defect, the cosmetic effect being as good and the time consumed 
much less than is required for irradiation. A recent patient with car- 
cinoma in the middle of the lower lid chose radium treatments in- 
stead of surgery, and is apparently cured, but \vith a resulting defect 
involving half the lid which is at least twice as extensive as the area 
which would have been removed surgically, and will be twice as 
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difficult to close. When neoplasms involve the inner or outer angle, 
however, or are adherent to the bony orbit, removal presents a much 
more difficult problem and here radium or x-ray is definitely indi- 
cated. Large orbital neoplasms adherent to the orbital walls are often 
treated by evisceration of the orbit, followed by radium or x-ray. 
Regaud and associates have shown that such previous surgery in- 
creases the danger of bony necrosis from subsequent irradiation, and 
claim better results in cases where no surgery has been attempted. 
In treating such conditions, large amounts of radium or modern x-ray 



Fio. 7.--Proteclive reform eye holding mercury. (Mode by Mager and Goupelman after 
Rohrschnelder.) 

equipment are necessary and they should be undertaken only by men 
who have had a great deal of experience in the treatment of malig- 
nancy. Whether surgical diathermy should replace irradiation in many 
of these cases cannot yet be decided. 

Advantages of Radium and X-Rays. — Kumer and Sallmann “ 
have summarized the respective advantages of radium and x-rays. 
The rays of radium are much more penetrating than x-rays, lo cm. 
of lead being necessary to absorb the former, as against 3 to 5 mm. 
of lead for the latter. While it is thus more difficult to protect 
the globe against radium, the small tubes of radium or its emanations 
be so placed as to exert most of their effect on the new growth 
^od little on the eye, and hence radium is to be preferred for small 
.tumors of the lids. It may be inserted into large orbital tumors in the 
form of radium needles, or as seeds of the emanation which are left 
Jn the tumor till their activity is exliausted. In these ways every part 
of reached, and the danger to the globe, the function 

t is in any case usually doomed, need not be considered. Cer- 

in neoplasms are more sensitive to radium than to roentgen rays. In 
wplasms covering large areas of skin, however, x-rays have the ad- 
vantage of covering the whole area uniformly and since the rest of the 
and the globe may be protected by lead, the irradiation may be 
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much more accurately confined to the desired area. In new growths of 
the bulbar conjunctiva and cornea, better results have been re- 
ported from the use of radium. The freedom of the globe from dam* 
age in most of these cases is apparently due to the small dosage neces- 
sary for the destruction of these growths and to the fact that the 
hard rays which penetrate the globe require for a harmful effect five 
times the dosage of the soft rays, which are most effective in destroy- 
ing the tumors. 

Harmful Effects. — The harmful effects of overexposure of the 
eye to radium are practically the same as those produced by x-rays. 
About the same number of cases of keratitis, cataract, and glaucoma, 
most of which ate mentioned by Kumer and Sallmann, have been re- 
ported after radium' as after x-ray treatment. The dosage which is 
tolerated is apparently, according to these authors, somewhat higher 
than that of x-rays, loo per cent skin erythema dose being about the 
upper limit of safety for one application and 300 per cent for the 
to^ dosage divided over a year. The Hds must be considered espe- 
cially sensitive to radium, 60 to 70 per cent of a skin dose being suffi- 
cient to produce an erythema of this region and a full skin dose often 
causing considerable damage. The lash-border must be kept out of 
the field where possible. With x-rays, Stock cautions against a total 
of over 100 per cent erythema dose, unless the globe is protected. 

Protection. — ^Although Kumer and Sallmann describe prostheses 
for the protection of the eye during radium treatments, they admit the 
impossibility of adequate protection by any fillers and recommend 
protection by careful removal of the applicators to the proper dis- 
tance from the globe by special devices. The only real purpose of me 
lead glass prostheses of ^iuller or the molds of paraffin placed 
the lids as described by Hoed, Stoel and de Vries is to hold the has 
away from the globe and so increase its distance from the radioactive 
agent. Greater distance is obtained by mounting the tubes on wood 
blocks of various sizes or in the special wax-composition blocks now 
being used in most radium institutes (Fig. 8). Most of the irra- 
diation therapy of eye diseases will naturally be performed by sp^ 
cialists in this form of treatment, and many details of dosage aim 
technic must be left to their judgment. The ophthalmologist shoul^ 
however, be familiar enough with the principles of roentgen and 
radium therapy to advise with the radiologist on his individual cases 
which often present problems of protection or attack with which the 
latter may not be familiar. 

Conditions Suited to Treatment. — Vascular nevi about the Hds 
are especially suited to treatment with radium. This is especially true 
of capillary hemangiomas, in which the cosmetic result is usually far 
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better than can be obtained with surgery, and often almost perfect 
(Fig. 9). The earlier these cases are treated, the more readily do 
they respond, since the young vessels are especially sensitive to 
radium. Nevus fiammeus, large blood cysts or hemangiomas supplied 
by large vessels do not yield so readily and some of these are better 
treated surgically. Xanthelasmas are usually easy to remove surgi- 
cally, with practically invisible scars, and it is only in the case of un- 
usually large ones that radiation will be considered. In spite of the 
favorable reports of many authors, Kumer and Sallmann consider 
them as not especially adapted to radium therapy. Carcinomas and 
sarcomas of the lids require no special discussion here, aside from 
what has been said as to the types suitable for irradiation (Fig. 
10). Detailed case reports, with indications for and against roentgen 



Fic. 10. — Carcinoma of the inner cantbus before and 3 months after curettage and 
radium treatment. (Kumer and Sallmann.) 


and radium therapy, will be found in the monographs of Kumer and 
Sallmann and of Slock, and in the article of Regaud and associates, 
previously referred to. 

Blepharitis. — Among the ophthalmologic conditions in which roent- 
gen therapy is especially useful is blepharitis of the more severe type 
which has proved refractory to the usual methods. Here two or 
three x-ray treatments will often entirely relieve a condition of years’ 
standing. A technic for which I am indebted to Dr. J. Borghoff, of 
Omaha, Neb., has proved effective with my patients and has produced 
no harmful effects. The rest of the lids being protected by lead foil, 
the lid borders are exposed to a current of three milliamperes, with 
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six-inch spark gap, at eight inches* distance, for 40 seconds to one 
minute. This is repeated weekly and usually three treatments are 
given. This is from one-fifth to one-half of the epilation dose. Other 
authors advise one-third of a skin dose as a routine for this condition. 
The lashes have never been lost, even temporarily, in my cases. The 
same method of treatment is used for cases of chronic dermatitis of 
the lids and is equally effective. The smaller of these doses is usually 
sufficient for this condition. 


Pituitary Tumors. — The treatment of pituitary tumors is of espe- 
cial interest to ophthalmologists, and here the question of irradiation 
often comes up. The adenoma is the only form of pituitary tumor 
that is responsive to irradiation, this treatment being of no effect 
in the Rathke’s pouch type of tumor or in cystic tumors, and 
of little effect in meningiomas. Where these latter types can be 
ruled out, a trial of irradiation may be made. In some cases, such 
a trial may give diagnostic evidence as to the type of tumor, and 
in cases in which the patient refuses operation, a trial of irradiation 
is indicated unless a Rathke’s pouch tumor can be definitely 
diagnosed. Roentgen therapy is usually the only method of irradiation 
to be considered, since radium therapy cannot be directed to the 
site of the tumor without producing incalculable damage to the 
surrounding important structures. Only in the case of a tumor which 
has eroded the floor of the sella turcica, or where sellar decompres- 
sion has been done, may radium be used through the sphenoid region 
in addition to roentgen therapy. The technic, as used on my patients 
by Dr. A. F. Tyler, is as follows: 


Voltage 135 K.V. 

Distance 40 cm. 

Filter 5 mm. copper 

Amperage 5 ma. 

Time 40 min. 


Such a treatment was given to each temporal area, with the lube 
directed to the sella turcica, a week being allowed between the treat- 
nients. After a month or more the treatment may be repeated. 

In cases which show further visual loss in spite of this treatment, 
no lime should be lost in resorting to surgery. 

iiRAiN Tumors. — In the case of brain tumors which arc inoperable 
nnd are damaging the vision in spite of decompression, a trial of 
cep roentgenotherapy may be made with the possibility that the 
tumor s growth may be checked or that the resulting atrophy of 
the choroidal plexus will diminish the pressure from an internal 
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hydrocephalus. A form of dosage for this, also furnished by Dr. Tyler, 
follows: 


Voltage 200 K.V. 

Distance 5 ° cm. 

Filter 0.75 mm. copper, 

I mm. aluminum 

Amperage 4 ma. 

Time 100 to 200 min. 


This dosage is divided between two lateral areas and is estimated 
for each case by the modified Dessauer charts. 


Intra-oculah Diseases. — ^The use of roentgen therapy for intra- 
ocular diseases, especially tuberculous iridocyclitis and dioroiditis, 
must be considered as still in the experiment^ stage. Since the lens 
cannot be protected in such treatments, there is always some danger 
of producing cataract, although this has been avoided in most cases 
by the use of small doses. Scheerer and Slock, after trying larger and 
smaller doses, settled upon 15 to 20 per cent erythema dose, repeated 
after seven weeks, as the most effective dosage which could be safely 
used. The long interval is advisable to avoid the secondary reaction 
which often occurs after four weeks. Stock advises no more than a 
total of 60 per cent erythema dose in a year, divided into three or 
four applications. Stock and Scheerer, out of 38 cases, report some 
good results in very severe cases. The use of three-fourths 
erythema dose given during three weeks as advised by Gilbert, 
cording to Stock’s experience would seem to be too large, and with 
that of Braun and Herrenheiser, one-sixth to one-eighth skin dose, 
the interval of seven days is apparently not long enough to avoid a 
cumulative effect. These authors report three cases of tuberculous 
choroiditis treated with good results, but Stock has seen similar cases 
develop fresh lesions during treatment and considers the effect of the 
treatment in their cases as doubtful. Although, in the severe cases of 
tuberculous uveitis and sclerosing keratitis which have resisted other 
treatment, a trial of small doses of x-ray is apparently indicated, 
its use in ordinary iritis, as advised by Horvath, is certainly not nec- 
essary, as other perfectly safe methods are usually effective in these 
cases. 

Vernal Conjunctivitis. — A very definite indication for the use 
of radium exists in the still little understood condition of vernal con- 
junctivitis. A number of these cases are relieved of their symptoms 
by adrenalin, by intravenous injections of afenil, or by desensitization 
to some specific protein. Others, however, are not so relieved, espe- 
cially the cases with brge flat papillae of the upper lid, and these 
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cases should be given an opportunity to try radium therapy, as many 
are relieved only by this means, I have used the technic recommended 
by Dr. Laura Lane of the Todd Memorial Institute, and in three very 
obstinate cases have seen almost entire relief from symptoms, wtfa dis- 
appearance of most, if not all, of the papillae and their replacement 
by smooth scar tissue. Radium is much to be preferred to x-ray in 
these cases, the latter not having, apparently, the same effect on the 
condition. Loss of lashes has not occurred, in my experience, when the 
following technic, kindly furnished by Dr. Lane, was adhered to. 

Method. — In the palpebral form the following method of using 
radium in vernal conjunctivitis has proved effective. 

Amount: 15 to 20 milligrams of element or the same number of 
millicuries of radon are used with the following screening: 

Platinum 0.05 mm. 

Brass i.oo mm. 

Rubber i.oo mm. 


The platinum may be used as the casing or cover of the element 
contained in a needle form or as the screen of a radon tube. This 
platinum container is placed in a brass capsule and the whole is cov- 
ered with rubber or dental dam. 

Distance: This tube is placed at one centimeter distance from the 
closed lids. A piece of Columbian paste or gauze is placed between 
the tube and the lids to keep the radium at the proper distance. 

Duration of Exposure: The duration of the exposure is from one- 
half to one hour, according to the age of the patient and the severity 
of the disease as well as the amount of radium used. The first dose 
is usually applied for only half an hour in order to judge somewhat 
the sensitivity of the patient. 

Interval: The sitting is not repeated under 10 to 14 days, according 
to the response obtained and the severity and the duration of the 
disease. Three to four such sittings are given. It is often necessary 
to lengthen the interval between sittings to three weeks. 

Direct Application: At the time of the above sitting, in addition 
to the radium applied through the closed lid, a direct application to 
the everted lid is made. No screen is used other than the platinum. 
The amount of radium used is preferably a 15 mg. platinum needle. 
This is sterilized by placing it for a few minutes in a 10 per cent forma- 
lin solution, followed by 70 per cent alcohol and then by sterile water 
which is wiped off with sterile gauze. A few drops of a one per cent 
cocaine or butyn solution may be ijsed to make the everting of the lid 
less unpleasant. The needle is moved slowly across for three minutes, 
ut a distance of two millimeters. 

Rest Interval: After the third or fourth application, according to 
the response and the severity of the disease, a rest is given for two or 
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more months. Then a similar series of treatments is repeated. The 
interval between these treatments is two weeks. In the more stubborn 
cases which have lasted for years and in those cases subjected to much 
previous caustic treatment, it is well to give a third series some months 
later, particularly later in the winter. 

Operation and Irradiation: When the papillae are very dense and 
cobblestone-like, much time will be gained and a more satisfactory 
response obtained by anesthetizing the palpebral conjunctiva and 
snipping oh or rolling the papillae; then applying a five milligram 
varnish .applicator plaque, screened with one millimeter of rubber, at 
two millimeter distance, for three lo five minutes at a sitting. Sittings 
are repeated at intervals of two weeks for three doses. It is often neces- 
sary to follow this series by one of irradiation through the closed lids. 
The application of the platinum needle by the direct method may be 
used instead of the plaque, the exposures being slightly longer but 
not exceeding lo min. A needle plaque, of one or five milligram needles, 
can be used. 

Hypertrophic Bulbar Form; In the hypertrophic bulbar form of 
vernal conjunctivitis, the use of a lo or is mg. platinum needle (0-05) 
for three to five minutes, at two mm. distance once in 10 days for three 
doses, is recommended. A second series of treatments may be given in a 
month using in this series one millimeter of rubber to screen the 
needle. The radium must be kept moving constantly above the area 
being treated so that an even distribution of the rays is obtained. Ex- 
cept in early cases, seen during the first year of the disease, screened 
applications through the lids will be necessary. 

Quick,'® of the Memorial Institute, reported the results in 82 caps 
of vernal conjunctivitis treated by irradiation, the largest series which 
I have found on record. Hb results were good, as 40 cases were 
apparently cured, 25 of these having been seen after one lo nine years, 
and 32 were definitely improved. He recommends a technic quite dif- 
ferent from Dr. Lane’s, an “active deposit” of radium emanation 
collected on lead foil, which b placed under the lids. Two hundred 
to 400 millicurie minutes are used for each eye in a treatment, and 
only a few such treatments at relatively short intervals are advised. 
Since the preparation of such “active deposit*' b possible only in spe- 
cially equipped institutions, he suggests the use of plaques of the 
element prepared to fit under the Hds, with protective metal back and 
handle, the element being held in place by shellac which gives slight 
filtration. He cautions against treatment through the lids, as involving 
danger to the lashes and as requiring the use of harder rays witli the 
resulting danger of producing cataract, of which he has seen several 
examples. Local infections of the lid borders must be cleared up as 
irradiation in their presence is likely to be followed by corneal in- 
volvement. Repeated doses over long periods are also dangerous, he 
believes. He concludes that in spite of the good results obtained, 
radium should be reserved for cases in which all other methods have 
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failed, on account of the dangers, especially to the lens, inherent in 
its use. 

Woods**"* has recently described the use of radium emanations, 
tubes delivering almost exclu^vely beta rays being employed. Such 
preparations are so superficial in their effect and so free from deeper 
rays that, according to Woods, 50 times the erythema dose might 
be given without danger of producing cataract. He employs this 
method in vernal conjunctivitis and also in some chronic inflamma- 
tions of the sclera and anterior uveal tract, apparently with success. 
It is especially recommended in tuberculosis of the anterior segment. 
The dosage with this method varies but in general the emanation 
from I Gm. of radium is applied for a total of 35 to 40 seconds, this 
being divided into four to six weekly doses. Such a course may be 
safely repeated after several months. 

Intra-ocular Tumors. — In the case of intra-ocular tumors, glioma 
(retinocystoma) and sarcoma, the hopes aroused during the early days 
of irradiation therapy have only in small part been fulfilled. Here, 
however, the danger of such treatment to an othenvise doomed eye 
need not be considered a contraindication, and since a few definite 
cures have been reported, irradiation must be considered in certain 
cases. Naturally, where only one eye is affected, enucleation is still 
absolutely indicated. It is only in bilateral glioma, especially where 
the second eye is much less involved, or in sarcoma of the only seeing 
eye, where enucleation is decided against by the patient, that irradia- 
tion should be undertaken. In (he case of glioma, this should be pre- 
ceded by enucleation of the first eye, unless both eyes^ are equally 
involved. Of a fair number of gliomas in which irradiation has been 
employed, most have shown a temporary decrease in size of the tumor, 
followed by renewed growth and the usual outcome. Of those treated 
by radium and mesothorium, Kumer and Sallmann record only one, 
that of Schonberg, in which a cure was obtained with vision of 2/20 
after ro years, during which a cataract developed and was extracted. 
Schonberg used 144 millicurie hours, followed in six months by 456 
millicurie hours, and again, after two years, by 3,036 millicurie hours, 
with filtration for the use of gamma rays. To this case must be added 
that of Benedict,*^ the patient being a child of four with a growth in- 
volving the retina from near the nerve forw’ard almost to the ora serrata 
on one side. Six thousand milligram hours of radium were given, with 
healments repeated after six months until 90,000 milligram had been 
given. The tumor disappeared, leaving only a flat scar and vision im- 
proved to 6/7. After five years lens opacities developed, reducing vision 
lo 6/60, but there was no recurrence. The diagnosis of glioma was con- 
by sections of the enucleated first eye. While dosage must vary 
with individual cases, in general it may be said that gamma rays should 

e employed, and that the method of cross-fire irradiation, with the 
radioactive substance at 2 to 3 cm. from the eye, is to be preferred. 
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One-fifth skin dose daily every second day for six to eight treatments 
is recommended by Kumer and Sallmann, with further treatments 
after two to three weeks as indicated by the result obtained. A num- 
ber of cases of glioma treated by radium have been collected by Stal- 
lard/T° whose monograph contains valuable information concerning 
irradiation of other ocular conditions. The methods employed by him 
consisted in inserting radon seeds directly into the tumor through a 
scleral incision or applying them to the sclera directly over the tumor. 
Some encouraging results were reported. 

Roentgen therapy has to its credit only the one definite case of 
Verhoeff and that of di Marzio.*® The diagnosis in Hilgartner's ap- 
parently favorable case was not made by sections of the first eye. See- 
felder’s case,®® quoted by Kumer and Sallmann as successful, showed 
retrogression of the tumor following 30 H. E. D., but it recurred later. 
In Verhoeff’s case a very small growth in the second eye of a 17- 
months’ old child was treated by a “suberythema dose” repeated eight 
times during a year. Three years later only a small scar was visible 
and vision was about 20/30. No lens opacities developed in this case. 
I was able to examine this patient in Dr. Verhoeff’s clinic, more than 
three years after treatment was begun. In a case reported by di Marzio 
a clinical cure was maintained for four years with preservation of use- 
ful vision by a 200 per cent skin erythema dose divided over several 
treatments. The first eye was enucleated. In another case a similar 
result was obtained but this has been under observation only five 
months. 

Stock advises 180 per cent erythema dose, but this will vary greatly 
with the case. Cataract cannot in most cases be prevented, but this 
should not preclude the giving of effective dosage, and has not af- 
fected the ultimate result in the successful cases, after radium. 

Although a number of melanosarcomas of the choroid, occurring in 
the only seeing eye, have been irradiated, in none of these, so far as 
the author knows, can a cure be claimed. R. Foster Moofe has re- 
cently reported an interesting case in which radon seeds were mtro- 
duced into the tumor through a scleral incision, with resulting marked 
decrease in the size of the tumor and vision 3/60 after one year. It is 
much too soon to speak of a cure in this case, but this method gives, 
perhaps, the best chance of success in these otherwise hopeless cases. 

Irradiation After Enucleation. — Irradiation of the orbit after 
enucleation for glioma or melanosarcoma has long been practiced by 
many ophthalmologists. Where careful examination of the enucleated 
eye, especially of frozen sections of the orbital end of the nerve in 
glioma, shows evidence of extension into the orbit or past the cut entl 
of the nerve, irradiation is positively indicated, usually after eviscera- 
tion of the remaining contents of the orbit. Even where such examina- 
tion shows no extension, some believe it safest to irradiate as a pre- 
caution. The necessity of this is doubtful, however, especially in 
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melanosarcoma, since clinical experience has shown the rarity of local 
recurrence in this condition. Von Hippel, who has studied the subject 
carefully, believes it is sufficient to enucleate in these cases, and Wat- 
zold, who formerly advised postoperative irradiation in every case, 
finds that recurrences fail to appear even in some cases showing evi- 
dence of extension, so that he now joins in von Hippel’s opinion. The 
prevention of metastases by this means is doubtful, as is the preven- 
tion of glioma of the second eye, and since the scar tissue resulting 
from irradiation often makes the wearing of a prosthesis impossible, 
one hesitates to advise its use without more definite evidence of addi- 
tional safety afforded. Where extension has occurred, or where one is 
in doubt, intensive x-ray or radium therapy should be given. Both 
methods have their advocates, and probably both methods should be 
used, radium needles or radon seeds being introduced into the orbit, 
and x-ray in addition. The x-ray will allow the dose of radium to be 
kept small enough to avoid bony necrosis. Where evisceration has been 
done, x-ray alone is to be preferred to avoid this complication. 

Multiple Lymphomas. — A condition which is especially sensitive 
to either x-ray or radium therapy is that of multiple lymphomas of 
the orbit. These growths, which are usually symmetrical and form 
puffy swellings of all the lids, fairly melt away under the influence of 
either of these agents, and in case of doubt as to the diagnosis, a 
trial of irradiation should be made. 

Grenz Rays. — A form of irradiation therapy which has been ap- 
plied in ophthalmology is the use of the Grenz rays described by 
Bucky. These are rays of a length between the short ultraviolet and 
the long x-rays, and are absorbed almost entirely in the surface layers 
of the skin and mucous membranes, only 12 per cent penetrating 
deeper than 3 mm. Reports by Krasso -- from the Meller Clinic in 
Vienna indicate marked beneficial effects in dendritic keratitis, blepha- 
ritis, rosacea keratitis, superficial corneal ulcers and sclerosing kera- 
titis from this form of treatment. As compared with x-ray and radium, 
the method is very safe, and further reports on its use will be awaited 
with interest. 

Pfeiffer has employed Grenz rays in a large number of ophthal- 
mic diseases and observed encouraging results especially in superficial 
corneal ulcers and in sclerosing keratitis. 

Massage 

Massage is used chiefly in treating three conditions. In corneal ulcer 
the clearing of the corneal scar is probably hastened and promoted 
by gentle massage of the eyeball with a finger held over the closed 
bds (Fig. ii). Two per cent yellow oxide of mercury ointment is 
usually used in the conjunctival sac for lubrication and as a mild 
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irritant. The finger moves the lid back and forth over the cornea, 
such massage being kept up for five minutes three times a day. In 
glaucoma it is sometimes possible to keep the tension down to normal, 



Fic. II.— Massage of cornea to aid in Fic. 12. — Deep massage of eyeball to re- 
clearing corneal scar. duce intra-ocular tension. 


especially after a filtering operation which does not produce quite 
enough effect, by massage. This forces fluid out of the eye, either 
through its normal channels, or through a small wound in the sclera^ 
made at operation, in which case it collects under the conjunctiva to 



Fig. r.r- — Massage of lids to empty meibomian glands. 


form a small bleb. Such massage should be performed with the two 
forefingers which hold the eye between them beneath the lids, and 
are alternately pressed in and released so as slightly to indent the 
globe (Fig. 12 ). Just enough pressure should be used so that no pain 
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is caused. Pressure is made and released about thirty times and this 
is repeated two or three times a day. 

In chronic infections of the meibomian glands, fluid accumulates 
in their ducts, and the result is recurrent chalazion or a diffuse thick- 
ening of the lids. Chalazia may often be prevented and the infection 
helped considerably by massage of the lids. This is done, as shown 
in Figure 13, by pressing with the two thumbnails on the skin side of 
the two lids which are held together and away from the globe. Pres- 
sure should include the whole Hd border and should be continued until 
fluid ceases to come from the ducts of the glands at the lid border. An- 
other method is to use a glass rod on the conjunctival side of the lid, 
which presses against a finger held on the skin side. 

Muscle Exercises 

In cases of squint of the nonparalytic type and of muscular im- 
balance, various types of exercise are used, most of them having the 
purpose of stimulating the defective fusion sense so that the eyes may 
be used together. In every case of squint the patient must first have a 
careful refraction, under a cycloplegic, and should wear his proper cor- 
rection at all times. This alone, in about half of the cases of convergent 
squint with hyperopia, will correct the defect, and is the most im- 
portant nonsurgical measure which we have against it. The use of 
glasses is seldom effective in divergent squint. If one eye remains 
constantly in the squinting position, an attempt should be made to 
improve Us vision by covering the other eye for two hours a day v;ith 
a bandage or close-fitting eye patch. Probably a considerably better 
way is to cover the better eye constantly for periods of several days, 
checking the vision at intervals and persisting in the occlusion as long 
as the vision improves. It is hard to do this where vision is very 
defective, as the child is then helpless and resists such treatment vio- 
lently, Many cases show no improvement on such treatment and it 
IS chiefly in very early cases, at the age of five to six, that an increase 
of vision is observed. A trial of such occlusion should be made when 
a case is seen early, no matter how defective the vision, though this 
may require considerable trouble and persistence on the part of both 
parents and physician. When a patient is first seen after the age of ten 
or twelve, the prospect of improvement is much less, and after the 
pge of sixteen improvement is seldom observed. Where the difference 
m vision of the two eyes is not very great, the use of atropine in the 
good eye for varying periods, w’hich paralyzes its accommodation and 
necessitates the use of the other eye for reading, may be of some 
benefit, but is certainly not so effective as occlusion. 

Fusion Exercises. — Children past the age of six, or unusually co- 
operative younger children, may be suitable for the various types of 
msion exercises. It is only in certain cases that benefit may be ex- 
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pected from such exercises. The squinting eye must have enough 
vision to see the objects used clearly, usually 20/200 or more, and it 
must be possible for the patient to see the images of both eyes at the 
same time. In many cases of squint the fusion faculty has become so 
defective that the image of the defective eye is suppressed, except 
when the other eye is closed. 

Instruments. — By the use of prisms, with bases in for divergent 
squint, and out for convergent squint, the images may be brought 
close together, so that they may be seen at the same time. Eventually 
the patient may learn to fuse them into one image. This is facilitated 
by many special instruments. The cheiroscope of Maddox, by the use 
of mirrors, allows the images to be superimposed, no matter what the 
degree of squint, and small pictures or toys may be moved together 
on a board, or drawn, these procedures utilizing the movement of the 
objects to bring them into consciousness, and the simultaneous action 
of the hands and eyes to stimulate fusion. 

The amblyoscope of Worth makes use of movable tubes through 
which pictures are seen and fused by moving the tubes. If the 
tube for the defective eye is held over a bright light, its picture is 
brought more sharply into consciousness. These two instruments are 
suitable for the more marked degrees of squint. In degrees less marked, 
and especially in cases of latent divergent strabismus, where one eye 
diverges only at certain times, the use of the ordinary stereoscope may 
be effective. Special charts are provided for this, such as the Wells and 
Guibor charts made in America, Hamblin’s charts which are used a 
great deal in England, or Sattler’s charts, published by Bergmann in 
Munich. The last are especially useful for small children, as they are 
so made as to give a marked impression of depth, and by changing the 
position of the cards, the relative position in space of certain parts of 
the picture is changed, so that the parent can tell when a child is cor- 
rectly fusing the pictures. The Wells charts, besides using pictures 
which are partly defective, the defect in one being filled in by the 
image of the other, have a series of reading types in which the same 
principle is employed, smaller types being used as the exercises 
progress. 

Muscle Imbalance Exercises. — Such stereoscopic exercises may 
be occasionally useful in cases of slight muscle imbalance, or weakness 
of convergence, with symptoms of eyestrain. These cases are usually 
treated by simpler methods than those used in squint, the simplest 
being converging exercises in which the point of a pencil or a dot on a 
card is slowly brought closet to the eyes until double vision occurs, 
and is then held off so that fusion is just possible. It should be possible 
gradually to bring the object nearer to the eyes without diplopia. Such 
e.xercises should be continued for three to five minutes two or three 
times a day. 
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Another simple method is that of bar-reading, in which a pencil, or 
a ruler i cm. wide, is held halfway between the eyes and the reading 
print in such a way that the letters are seen behind the ruler. This is 
then moved along before the eyes and the print is read behind the- 
ruler. The exercise affords a constant stimulus to fusion. 

Instruments. — In muscle imbalance of various types, especially 
vertical imbalance, various instruments, such as the phorometer and 
kratometer, in which prisms of increasing strength are overcome by 
an effort of fusion, have been used. They are expensive and require 
frequent visits to the physician’s office, and for this reason few patients 
will persist in their use long enough to obtain much benefit. The ad- 
vantage of the simple stereoscope is that it may be given to the patient 
for use at home, and the same may be done with the amblyoscope. 

In weakness of convergence, Gould’s method of overcoming prisms 
with bases out may be used to advantage, prisms of increasing strength 
being loaned to the patient, who fixes an object at six inches and then 
backs off from it to a distance of twenty feet or until diplopia occurs. 
The same method can be carried out in other cases of imbalance, as 
described by Berens and Losey. 

Evaluation. — The value of all these methods will depend greatly 
on the intelligence and co-operation of the patient, and it must be said 
that a great many cases will not be benefited. Patients with alterna- 
ing squint, for example, often find it impossible to see both images 
at the same time, in spite of all our optical aids, and in such cases noth- 
ing but surgery will affect the squint. The same is true of marked de- 
grees of squint with very defective vision. A great deal of judgment is 
necessary to avoid putting many of these patients to needless expendi- 
ture of time and money before advising necessary surgery. In the 
case of imbalance, the correction can be made simply by prisms worn 
constantly in the glasses. 

RESUME 

After having reviewed the uses of various forms of physical therapy, 
the following resume of common ocular conditions in which physical 
therapy is employed, with the form of treatment considered best for 
each condition, may help to clarify the material and facilitate its use 
in practice. To avoid repetition the reader is referred to the preceding 
text for the details of technic. 

Diseases of the Lids 

Hordeolum: 

Moist heat, incision. 

Chalazion: 

Incision and curettage. 

Electrocoagulation; if on the lid border, 200 to 300 ma. for one 
second. 
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Xanthelasma; 

Surgery is simplest in most cases. 

Thermophore may be effective. 

Radium is effective but requires care. 

Blepharitis: 

A trial of ointments and moist heat should be made. 

In resistant cases, x*ray is most effective. 

Trichiasis; 

Electrocoagulation; 150 ma. for one second. If more than five or 
six lashes are affected, surgery is simpler. 

Dermatitis; 

X-ray is effective in small dosage. 

Carcinoma; 

Surgery for small growth not adherent to the bone. 

X-ray where large areas of skin are involved. 

• Radium for growth at lid border or in the inner or outer angle, 
with adhesion to bone. 

Nevus Flammeus, Hemangioma: 

Radium, especially for capillary hemangioma. , 

Surgery for hemangioma supplied with large vessels. 

Diseases op the Orbit 

Cellulitis; 

First 24 hours, cold packs. After this, moist heat and incision, 
^ledical diathermy, 200 to 400 ma. for five to ten minutes may 
be tried. 

Carcinoma; 

Radium needles or tubes of radon imbedded in growth. 

Where orbit is to be eviscerated, electrocoagulation (surgical 
diathermy) . 

Sarcoma: 

Electrocoagulation for evisceration of the orbit. 

Lymphoma; 

Radium in plaques over the lids. X-ray may also be used, but 
is not so effective. 

Diseases op the Conjunctiva 
Acute Conjunctivitis: 

First 24 hours, cold packs; after this, moist or dry heat. 
Chronic Meibomitis: 

Massage of the lids. 

Vernal Conjunctivitis: 

Adrenalin locally and calcium systematically should be tried first. 
Where symptoms are not relieved, radium (see p. 26). 
Neoplasms of the Bulbar Conjunctiva; 

Surgery. Electrocoagulation may be useful if a weak, current and 
a needle electrode are used. Radium is dangerous here. 
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Serpent Ulcer: 

Local applications, atropine, keratotomy. In early ulcer, photo- 
therapy may be tried, using the carbon arc with uviol filter. 

Herpetic Keratitis (Dendritic Ulcer): 

Phototherapy using carbon arc with uviol filter 8 to lo minutes 
once a day. X-ray — 30 per cent erythema dose ( r to 2 treat- 
ments). 

Epithelial Dystrophy: 

Phototherapy may be tried. 

Degenerated Corneal Scar with Ulceration : 

Phototherapy as for herpetic keratitis. 

Sclerosing Keratitis: 

Phototherapy using carbon arc with uviol filter 10 minutes every 
two days. X-ray 15 to 20 per cent erythema dose, repeated after 
seven weeks, no more than three or four treatments being given. 

Carcinoma: 

Beta irradiation may be of value. 

Surgery is usually best, followed by careful use of electrocautery 
where the sclera or interior of the eye is involved. If this is 
refused, radium may be tried. 

Phlyctenular Keratitis and Keratoconjunctivitis: 

General treatment and atropine. The use of sun bath or general 
irradiation with the carbon arc or mercury vapor arc is of 
definite value in addition lo other treatments. 

Corneal Scars: 

Massage of the cornea and the use of dionin are probably of as 
much value as anything in helping to clear scars. The use of 
iontophoresis has been advised, but its value is questionable. 

Diseases of the Iris and Ciliary Body 

Tuberculous Iritis; 

General treatment and atropine are most important. X-ray as de- 
scribed for sclerosing keratitis may be tried, but is not without 
danger of causing cataract. Hence it is contraindicated in the 
ordinary forms of iritis and other diseases of the iris .and ciliary 
body. Beta irradiation may be of value. 

Diseases of the Choroid: 

Xo form of local physical therapy is probably effective. In tuber- 
culous choroiditis the use of sun baths or generalized light baths 
with the carbon or mercury vapor arc may be of value. 

Diseases of the Retina 

Glioma Retinae (Retinocystoma): 

Enucleation of the first eye, followed by radium in the orbit if 
there is recurrence. 
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Xanthelasma: 

Surgery is simplest in most cases. 

Thermophore may be effective. 

Radium is effective but requires care. 

Blepharitis; 

A trial of ointments and moist heat should be made. 

In resistant cases, x-ray is most effectiv’e. 

Trichiasis: 

Electrocoagulation: 150 ma. for one second. If more than five or 
six lashes are affected, surgery is simpler. 

Dermatitis: 

X-ray is effective in small dosage. 

Carcinoma: 

Surgery for small growth not adherent to the bone. 

X-ray where large areas of skin are involved. 

■ Radium for gro;vth at lid border or in the inner or outer angle, 
with adhesion to bone. 

Nevus Flammeus, Hemangioma: 

Radium, especially for capillary hemangioma. 

Surgery for hemangioma supplied with large vessels. 

Diseases op the Orbit 

Cellulitis: 

First 24 hours, cold packs. After this, moist heat and incision. 
Medical diathermy, a 00 to 400 ma. for five to ten minutes may 
be tried. 

Carcinoma: 

Radium needles or tubes of radon imbedded in growth. 

“Where orbit is to be eviscerated, electrocoagulation (surgical 
diathermy). 

Sarcoma: 

Electrocoagulation for evisceration of the orbit. 

Lymphoma; 

Radium in plaques over the lids. X-ray may also be used, but 
is not so effective. 

Diseases of the Conjunctiva 
Acute Conjunctivitis: 

First 24 hours, cold packs; after this, moist or dry heat. 
CinioNic Meibomxtis: 

Massage of the lids. 

Vernal Conjunctivitis; 

Adrenalin locally and calcium systematically should be tried first, 
U'here symptoms are not relieved, radium (see p. 26). 
Neoplasms of the Bulbar Conjunctiva; 

Surgery. Electrocoagulation may be useful if a weak current and 
a needle electrode are used. Radium is dangerous here. 
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If the second eye is .involved, a choice may be offered between 
enucleation and x-ray or radium (see pp. 29, 30). 

Diseases of the Optic Nerve 

Not amenable to physical therapy. ' 

Intracranial Diseases 

Pituitary Tumor: 

If an adenoma is considered probable, roentgenotherapy may be 
tried, large doses being directed to the sellar region through 
the two temporal regions. 

Where vision fails in spite of one or more treatments, no time 
should be lost in advising surgery. 

Radium is used only where the tumor has eroded the floor of 
the sella, or after sellar decompression has been done. 

Ceredral Tumors: 

When tumor is inoperable or has been only partially removed, 
decompression should be performed if the vision is being dam- 
aged. Deep roentgenotherapy may then be tried (see p. 25). 
Glaucoma; 

Not amenable to physical therapy, except for the relief of pain 
by heat or cold and the use of massage for promoting filtra- 
tion. X-ray and radium are contraindicated in the presence of 
glaucoma. 

Cataract: 

No form of physical therapy is indicated. The danger of produc- 
ing cataract is one of the chief reasons for avoiding the use of 
radium and x-ray except where it is necessary and for the care- 
ful protection of the globe when this is possible. 

Diseases of the Muscles 

For the indications for muscle exercises, see p. 33. 
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CHAPTER TWENTY-FOUR 


PHYSICAL THERAPY IN OTOLARYNGOLOGY 
Joseph C. Beck, M.D., and M. Reese Guttman. II.D. 

Introduction 

The extreme interest in physical therapy that is being manifested 
in general medicine and surgery is also encountered within the realm 
of the otolaryngologist. The enthusiasm displayed has apparently been 
boundless. Commercial interests have aided in the production of a 
teeming literature in which many unwarranted claims have helped 
popularize this somewhat spectacular form of therapy. Physical agents 
undoubtedly have a decided field of usefulness in the treatment of 
otolaryngologic disease, but in no sense are they a panacea. Many 
extravagant and irrational claims are found that often display an 
appalling lack of knowledge regarding the basic physics of the various 
energies employed and especially of their effects upon the human 
economy. Physical measures do not, as yet, constitute a system of 
therapeutics that can in any way supersede time-tried and scientifically 
evaluated measures in the treatment of disease and the alleviation of 
suffering. It follows that one must be extremely cautious of dogmatic 
assertions in such a young and as yet unproved branch of medical 
endeavor. The following reflects the views and beliefs of the writers 
as gathered from their experience with the various energies commonly 
employed. 

Otitis Externa 

Otitis externa exists in two well-recognized forms: otitis externa cir- 
cumscripta or a furunculosis of the external auditory canal, and otitis 
externa diffusa which, as the name implies, is a nonlocalizing inflam- 
mation of the external auditory meatus. The offending organism most 
“cquently seen in both types is the staphylococcus. The diffuse type is 
»mfluently seen following trauma, such as scratching of the ear, and 
3*so following an otorrhea due to middle ear suppuration. Not infre- 
quently the extension of a furunculosis of the canal may also result in 
a diffuse external otitis. The diagnosis of these affections is easily made 
by inspecting the external auditory meatus, which will he found to be 
red and swollen. In the circumscribed form the inflammation will ap- 
pear as a typical acuminate furuncle of which one or more may be 
present. The diffuse form will show* as an inflammation that entirely 
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ular, pustular, or papular nature, or any combination of these. The 
otologist most often sees the more or less acute conditions that result 
from the continuous exposure of the skin to an irritating middle ear 
discharge. The diagnosis, as a rule, is not difficult to make, but fre- 
quently the eliologic factor may be hard to determine. The recent at- 
tention that is being given to allergy as a cause should be borne in 
mind. 

Treatment. — In the treatment of eczema the indications are to 
remove the cause and protect the involved area from further irritation. 
The more chronic and indolent lesions require the use of stimulating 
agents, in which case physical therapy in the form of x-ray or tiltra- 
vioht irradiation may be of benefit. In the treatment of eczema fol- 
lowing an otorrhea it is decidedly important not to permit the discharge 
to collect about the meatus. The discharge should be gently wiped 
away with a cotton-tipped applicator or toothpick as quickly as it 
forms. The patient should be warned of the dangers of wounding the 
canal during the use of these applicators. In the more chronic types of 
eczema, systemic measures for the regulation of the diet, and avoidance 
of exposure to offending proteins in the allergic types, are of impor- 
tance. In those cases in which Assuring and oozing are pronounced, 
calamine lotion or the various dusting powders may be employed. 
Ointments containing zinc oxide or crude coal tar are of especial 
benefit. 

Physical therapy may be of benefit in the subacute and chronic 
forms. Ultraviolet irradiation, given on alternate days, may be effective. 
The first exposure should be for one minute at a distance of ten to 
fifteen inches and the dose should be increased by one-half minute 
until a maximum of five minutes is being used. In the more stubborn 
types that do not respond to local medication and ultraviolet irradi- 
ation, benefit will sometimes be obtained by x-ray therapy. The x-rays 
should be applied in doses of one-fourth skin unit of the unfiltered ray 
at weekly intervals. It is important when using the various types of 
irradiation to cleanse the skin surface thoroughly and dispense with 
the use of any of the skin ointments or medications. It is also well to 
protect the area about the ear by means of cardboard properly cut 
and placed when using ultraviolet irradiation, or by means of heavy 
lead foil when using the x-rays. 


Erysipelas of Auricle 

The practicing otologists see erysipelas of the auricle most fre- 
<iuently as a complication following mastoid surgery. It is also ob- 
served in the aged in conjunction with recurrent attacks about the 
head and face. The diagnosis as a rule is not difficult to make. The 
initial chill followed by a rise in temperature and the appearance 
several hours later of the characteristic elevated redness with its line 
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occludes the meatus. In both forms pain on traction of the auricle is 
present and is a pathognomonic sign that serves to distinguish these 
inflammatory conditions from an acute otitis media. 

Treatment. — The treatment should be as conservative as possible. 
Physical therapy in the form of infra-red irradiation is the treatment 
par excellence. A twenty-minute session at least three times a day is 
advisable. In addition one may employ hot moist applications, using 
a saturated solution of magnesium sulphate or boric acid. Aspirin, 
pyramidon, or even codeine may be administered for the pain. One 
should abstain from any irrigation or manipulation of the canal. If 
resolution or spontaneous rupture does not occur, the center of suppu- 
ration may be nicked, but not deeply cut, with a fine bistoury, pro- 
vided, however, that localization and liquefaction have occurred. After 
the incision one should avoid squeezing, mopping, manipulation. 
The use of the infra-red irradiation and the moist compresses should 
be continued after the incision. It should be emphasized that any 
trauma, including extensive incision, before localization has occurred 
has been followed by grave complications and even death. 

Two relatively new measures have been advocated recently for 
both the treatment and the prevention of recurrent, otitis externa. One 
is the use of Besredka’s antivirus instilled into the ear several times 
a day. The other is the application of tin ionization to the external 
auditory canal. The technic employed is similar to that used in chronic 
otorrhea. An insulated ear speculum such as is used for zinc ioniza- 
tion for the treatment of middle ear discharge is placed into the canal 
and then a solution of stannoxyl, which is a mixture of tin and tin 
oxide, is instilled into the speculum and the canal. The positive elec- 
trode is attached to the wire in the center of the speculum and the 
negative electrode is held in the hand. The current should be gradually 
turned on until three to five milliamperes are in use. This is permitted 
to act for ten minutes and is repeated on three successive days. Imme- 
diate relief from pain is said to occur. 

Recurrences are not at all infrequent. They may be prevented to 
some extent by warning the patient strictly to avoid the use of matches 
or hairpins within the canal. During the quiescent interval one may 
employ x-ray irradiation to the external canal. Instead of the x-ray, 
an erythema dose of ultraviolet irradiation applied by means of a 
quartz applicator may be tried. The use of Besredka’s antivirus is 
also said to prevent recurrence. 

Eczema of Auricle 

Eczema of the auricle may exist as either an acute or a chronic in- 
flammatory condition of the skin. It is frequently accompanied by 
severe itching and sometimes is associated with a seborrheic derma- 
titis of the scalp or face. The lesion may be of an erythematous, vesic- 
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insist on early and radical surgical removal by electrosurgical methods 
and then the use of irradiation as an adjunct. It is well to excise 
the auricle wide of the growth with the tissue-cutting current and 
then to use the coagulating current upon the base. The x-rays or radium 
used preoperatively or postoperatively may add to one’s security in 
establishing a cure. 

Otomycosis 

Otomycosis or otitis externa parasitica is a dermatitis of the external 
auditory meatus due to a fungus infection, the most frequent offenders 
being either the Aspergillus ntger or glaiicus. It is manifested as a 
marked irritation of the canal frequently associated with severe itch- 
ing and sometimes with attacks of pain radiating into the face. Upon 
inspection, the auditory meatus will be found to be red and covered 
with a peculiar moist speckled substance which has the appearance of 
wet blotting paper. The coating may be spotted with small black or 
brownish areas the size of a pinhead. The diagnosis is definitely estab- 
lished by culturing the material found in the canal upon Sabourraud’s 
media, when a characteristic growth will be obtained. 

Treatment, — The treatment consists of the use of exfoliating agents 
in the canal. A lo per cent solution of salicylic acid in alcohol may be 
used twice a day for the period of a week. Physical measures may also 
be employed, especially in the more resistant cases and in those in 
which the affection tends to recur. Ultraviolet irradiation applied to 
the external auditory canal by an appropriate quartz aural applicator 
may be of benefit. 

Pruritus of External Auditory Canal 

This exasperating condition is not infrequently present as a second- 
ary manifestation of some inflammatory condition within the external 
auditory canal. It may, however, be unaccompanied by any dis- 
cernible pathology in the meatus. In these cases especially it is a most 
refractory condition. The patients who are so unfortunate as to be 
troubled with this affliction return at frequent intervals suffering from 
an acute inflammatory otitis externa due to traumatizing the canal 
with a match, hairpin, or similar object. In a few instances the pruritus 
disappears following the removal of an impacted molar. 

Treatment — The treatment of the idiopathic type is frequently 
unsatisfactory. Itching secondarj’ to an otorrhea or otomycosis is 
quickly relieved by proper attention to the primary condition. In 
the idiopathic types in which no pathology may be seen in the canal, 
it is well to perform a thorough search of the trigeminal area for con- 
tact or pressure points that might cause pruritus through reflex action. 
Locally calamine lotion containing phenol may be instilled into the 
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of demarcation is a picture that cannot easily be mistaken for any- 
thing else. 

Treatment. — In the treatment the early use of anti-erysipelas serum 
is advocated. Locally one may employ ice compresses of a saturated 
solution of magnesium sulphate. In addition the edge of the spread- 
ing lesion should be painted with contractile collodion. These meas- 
ures may effectively prevent any progression. Recent reports indicate 
that physical therapy may be of benefit in erysipelas. Ultraviolet ir~ 
radiation has been advocated and it has been recommended that one 
and one-half erythema dose be applied. With a good lamp this dosage 
may be effected by a i2 to 15 minute exposure at a distance of 100 cm. 

X-ray irradiation has also been utilized with apparently some bene- 
fit. The irradiation should be administered in one exposure, the amount 
being a mild erythema dose, using a filter of two millimeters of alumi- 
num. According to published reports, a marked diminution in the 
symptoms may be expected within 24 hours by the use of either of 
these agents. 

Perichondritis, Chondritis, and Suppuration op Auricle 

These conditions most frequently follow trauma to the auricle, or 
an infection in a hematoma of the auricle. They are also seen as 
complications of severe .external otitis in people that are below par 
physically or afflicted wth some debilitating systemic disease, such as 
diabetes. The diagnosis is not at all difficult. Systemic conditions must 
be appropriately dealt with. Locally infra-red irradiation and warm 
moist applications as described for inflammations of the external audi- 
tory meatus are advocated. When suppuration has occurred, incision 
and evacuation of the pus are necessary. It is well to warn the patient 
in advance of the possible shrinkage and deformity of the auricle 
that may follow. 


Malignant Disease of Auricle 

Carcinoma and sarcoma are the most frequent malignant tumors 
of the auricle that are encountered in practice. The diagnosis is def- 
initely established by biopsy of a portion of the growth. In the treat- 
ment, early diagnosis when the lesion is small and well localized and 
without any metastases is essential for a cure. Radium is said to be 
of value in these conditions. If the lesion is a basal cell carcinoma and 
is more or less superficial, and if the underlying cartilage has not been 
involved, the use of about 75 to 150 rog. hr. of radium, with a i-mm. 
platinum and 4-mm. rubber screen, has been advocated. This irradia- 
tion may have to be repeated at intervals of one to three months. How- 
ever, we have not been impressed with the results obtained by irradia- 
tion of other types of malignant grow’ths. It has been our practice to 
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insist on early and radical surgical removal fay clcctrosurgical methods 
and then the use of irradiation as an adjunct. It is well to e.vcise 
the auricle wide of the growth with the tissue-cutting current and 
then to use the coagulating current upon the base. The x-rays or radium 
used preoperatively or postoperatively may add to one’s security in 
establishing a cure. 

Otomycosis 

Otomycosis or otitis e.'sterna parasitica is a dermatitis of the external 
auditory meatus due to a fungus infection, the most frequent offenders 
being either the Aspergillus niger or glauctts. It is manifested as a 
marked irritation of the canal frequently associated with severe itch- 
ing and sometimes with attacks of pain radiating into the face. Upon 
inspection, the auditory meatus will be found to be red and covered 
with a peculiar moist speckled substance which has the appearance of 
wet blotting paper. The coating may be spoiled with small black or 
brownish areas the size of a pinhead. The diagnosis is definitely estab- 
lished by culturing the material found in the canal upon Sabourraud’s 
media, when a characteristic growth will be obtained. 

. Treatment. — The treaCntenC consists of the use of e.vfolfatmg agents 
in the cpal. A lo per cent solution of salicylic acid in alcohol may be 
used twice a day for the period of a week. Physical measures may also 
be employed, especially in the more resistant cases and in those in 
w*hich the affection tends to recur. Ultraviolet irradiation applied to 
the external auditory canal by an appropriate quartz aural applicator 
may be of benefit. 

Pburitus of External Auditory Canal 

This exasperating condition is not infrequently present as a second- 
ary manifestation of some inflammatory condition within the external 
auditory canal. It may, however, be unaccompanied by any dis- 
cernible pathology in the meatus. In these cases especially it is a most 
refractory condition. The patients who are so unfortunate as to be 
troubled with this affliction return at frequent intervals suffering from 
an acute inflammatory otitis externa due to traumatizing the canal 
With a match, hairpin, or similar object. In a few instances the pruritus 
Qisappears following the removal of an impacted molar. 

Treatment. — ^The treatment of the idiopathic type is frequently 
nsatisfactory. Itching secondary to an otorrhea or otomycosis is 
believed by proper attention to the j^imary condition. In 
e idiopathic types in which no pathology may be seen in the canal, 
IS Well to perform a thorough search of the trigeminal area for con- 
ct or pressure points that might Cause pruritus through reflex action. 
Calamine lotion containing phenol may be instilled into the 
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meatus several times a day. Physical therapy in the form of ultraviolet 
irradiation has been of help. A short irradiation, applied by means 
of a quartz aural applicator, repeated upon three or four successive 
days, may help to alleviate the patient’s distress. The x-ray as de- 
scribed for chronic eczema may also be of help. » 

Herpes Oncus 

Herpes oticus, otitis externa herpetica, or bullous myringitis is a 
condition of the external auditory canal and tympanic membrane 
that is characterized by an eruption of more or less hemorrhagic bullae 
that are, as a rule, surrounded by an inflammatory base. They are most 
frequently seen during an influenza epidemic and are supposedly due 
to an infection of the geniculate ganglion with a filtrable virus. The 



characteristic picture of the bullae and the normal hearing serve to 
differentiate this condition from acute otitis media. 

Treatment. — In the treatment the local use of phenol in glycerin or 
the topical application of metacresylacetate, aided by hot compresses 
of a saturated solution of magnesium sulphate or boric acid, is ad- 
vised. The bullae should not be opened. Physical therapy in the form 
of infra-red irradiation is helpful in relieving the pain. The exposure 
should last for at least 20 min. and be repeated several times a day. 

Otitis Media 

Suppuration of the middle ear is such a common condition that 
little will be mentioned regarding its causation, symptomatology, or 
diagnosis. In the treatment of the early stages the use of hot applica- 
tions and infra-red irradiation may lead to relief of pain and regres- 
sion in a limited number of cases. In addition, drainage of the middle 
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ear via the eustachian tube should be promoted by the use of ephe- 
drine solution wthin the nose. If the symptoms persist and bulging 
ensues, a myringotomy should be performed. After myringotomy the 
secretion should be aspirated from the canal by the use of capillary 
suction (Fig. i). The hot application and injra-red therapy should be 
continued, and in addition, antiseptic drops may be instilled into the 
meatus. The use of diathermy is contraindicated before the rupture of 
the drum, and after incision it is of little benefit. Mass suction to the 
auditory canal is also to be deprecated as it may cause congestion of 
the parts and, not rarely, prolapse of the tympanic mucosa through 
the perforation. 

Acute Mastoiditis 

This condition presents a picture of an acute middle ear infection 
that has persisted for several weeks and is associated with persistent 
pain, mastoid tenderness, temperature, and loss of hearing. X-ray of 
the affected mastoid may show cloudiness or destruction of the mas- 
toid cell. In the treatment the use of moist applications, radiant heat, 
and capillary suction as advocated for acute otitis media are recom- 
mended. If the symptoms show no tendency to ameliorate, or if 
signs of complications appear, surgery of the mastoid must be consid- 
ered. Medical diathermy is mentioned only to be condemned in such 
conditions. 

Following mastoid surgery, slow healing of the wound is sometimes 
seen. There is generally associated some systemic condition that must 
be corrected. Ultraviolet irradiation to the open wound has been advo- 
cated nith the idea of stimulating the granulation formation and short- 
ening the time for healing. 

Chronic Otitis Media 

This condition is characterized by a chronic infectious process lo- 
cated within the tympanum or its adnexa. Two characteristics are of 
extreme interest to the physical therapist, namely, otorrhea and hard- 
ness of hearing, and these will be treated as separate subjects. 

Chronic Otorrhea 

^ Chronic otorrhea should be considered as a manifestation of an 
mfectious process within the tympanomastoid and the eustachian 
|nbe. The infectious process may be restricted to the mucous niem-- 
orane or may affect the underlying bone. Certain complicating path- 
ology may be the cause of the persistence of an otorrhea. Systemic 
diseases, such as tuberculosis and syphilis, may be the offending 
‘actors. Locally the otorrhea may be aggravated or even caused by 
a pathologic condition in the nasal mucosa, the nasal sinuses, or the 
adenoid mass. In addition, local causes within the ear itself must be 
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considered, such as granulations, polypi, caries, cholesteatomas, and 
even malignancies. An otorrhea presupposes a perforation within the 
drumhead. As a rule a central perforation, namely, one that does not 
touch the periphery, has a tendency to heal, while a marginal perfora- 
tion, that is, one that involves the margin, has a tendency towards 
chronicity and the formation of cholesteatoma. The etiologic organ- 
isms are also important factors in the production and maintenance of 
. an aural discharge. Otorrhea following scarlatina, measles, or tuber- 
culosis is notoriously difficult to control. 

Treatment. — ^In the treatment of otorrhea appropriate attention 
to such complicating pathology as may be located in the adenoids, 
sinuses, or nasal mucosa is of importance. Systemic disease, such as 
syphilis, diabetes, and tuberculosis, must also be properly dealt with. 
The use of generalized ultraviolet irradiation or natural heliotherapy 
is an adjunct that may be utilized with some benefit, especially in 
children that are below par physically. 

The local treatment consists in the strict avoidance of water within 
the ear and the use In its stead of local capillary suction (Fig. i) for 
removing the secretions from the canal and tympanic cavity. Aqueous 
irrigations are best eliminated except under certain circumstances. 
Should irrigation be necessary, it is far better to utilize weak solutions 
of alcohol. For home use one might prescribe antiseptic drops contain- 
ing alcohol or ether in addition to phenol or tincture of iodine. These 
drops may aid both in dehydration and antisepsis. 

Granulations and polypi should receive proper care. Physical meth- 
ods have been widely advocated. As a rule, we have seen little^ or 
no benefit follow the use of local ultraviolet irradiation or medical 
diathermy, in spite of the enormous amount of literature dealing with 
the use of these agents in this condition. The physical measure of 
choice in the treatment of a chronic otorrhea is the use of zinc ioniza- 
tion. However, its use is indicated only in those certain simple types 
of uncomplicated otorrhea with relatively large central perforations. 
Cases of otorrhea due to chronic mastoiditis and cholesteatoma and 
cases with tiny central or peripheral perforations have been benefited 
in only a very small percentage of the cases, if at all. These conditions, 
therefore, contraindicate its use. Its use is also unsuccessful if no atten- 
tion is paid to disturbances in the nasal sinuses or nasopharynx. 

Technic. — Prior to the use of zinc ionization the ear should be 
cleansed of any of its contained secretions by wiping or, better yet, by 
the use of capillary suction. In zinc ionization the patient must lie 
wth the affected ear uppermost and a solution of zinc sulphate, 
one grain to the ounce, should be used to irrigate the ear. An appro- 
priate aural applicator (Fig. 2) is then placed in the ear and' the 
positive pole of the galvanic apparatus is connected to the zinc wire 
within the applicator. The negative pole is connected to a moist sponge 
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electrode or piece of lead foil that may be either held in the hand or 
firmly placed an>avhere on the body. The current is gradually turned 
on until two to four milliamperes are being utilized. One should be 
guided by the tolerance of the patient and one should be ready to 
decrease the current immediately upon the appearance of a laby- 
rinthian irritation. The current should be permitted to flow from lo 
to 15 min. In many cases one such treatment may be sufficient to 
effect a dry ear. In other cases two to five seances may be necessary. 
In the intervals one may insufflate anhydrous boric powder or one 
of the iodine boric powder combinations. 
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Fic. 2 . — Aural electrode and gah-anic apparatus for ionization. 


Deafness 

Before undertaking the treatment of deafness in a patient it is 
absolutely essential lo determine the type and, if possible, the cause 
of the auditory impairment. Deafness due to obstruction of the 
external auditory canal by a foreign body, impacted cerumen, or an 
inflammatory stenosis requires attention to ihe causative Sactor. 
Hearing difficulty may also be due to inflammatory processes within 
the tympanomastoid and the associated custachian tube and naso- 
pharynx. The nature of the processes may be varied. The custachian 
tube may be blocked by an adenoid vegetation or by stenosis within 
Its lumen. Such conditions require appropriate care. The middle ear 
may be the seat of a serous or purulent exudate or of a postinflamma- 
lory adhesive fibrosis. The fluid content must be evacuated, especially 
"hen suppuration is present. 
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Treatment. — Diathermy. — Medical diathermy should never be 
used in case of an acute suppurative otitis media unless free drainage 
is present, and even under these circumstances its exact value is ques- 
tioned. We have been unable to note any beneficial influence upon 
the middle ear suppuration after incision of the drum with the use 
of medical diathermy. 

It was thought that diathermy might ameliorate serous accumula- 
tions within the middle ear. In a small series of cases subjected to 
this form of therapy, no demonstrable improvement could be noticed. 
However, rapid increase of the hearing took place upon paracentesis 
that was followed by inflation. One would, therefore, hesitate to recom- 
mend the employment of medical diathermy for a serous otitis media. 

Chronic adhesive otitis media is one of the prolific causes of hardness 
of hearing. Diathermy has been advocated in this form of hearing de- 



FiC. 3. — Active electrode in medical diathermy ot the car. 


crease on the assumption that it could cause the absorption of the 
effusions and softening of the intratympanic exudate and fibrosis. How- 
ever, the critical observer is somewhat skeptical of the ability of the 
relatively small amount of heat caused by medical diathermy to pro- 
duce such remarkable effects upon scar tissue. In actual practice 
such skepticism has been substantiated. In spite of many enthusiastic 
claims to the contrary, we have proved, to our satisfaction at least, 
that diathermy has caused little if any benefit in chronic otitis media. 
In a certain percentage of the cases that receive little benefit by this 
physical measure, some increase in the hearing was obtained by infla- 
tion and those cases that showed no response to inflation did not, as 
a rule, show any benefit after the use of diathermy. 

Otosclerosis was not influenced for the better. Not a single case 
subjected to diathermy showed any change in the hearing. In fact. 
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not a few of the patients complained of some increase in the intensity 
of the accompanying tinnitus. 

Labyrinthian deafness following inflammation or fracture was in 
no way influenced by diathermy. It is inconceivable that any amount 
of heat could cause regeneration of the destroyed neuro-epithelium or 
absorption of the postinflammatory flbrosis. 

For those who may wish to try medical diathermy for deafness or 
tinnitus, the follomng technic is employed: The active electrode is 
placed over the mastoid region of the affected ear (Fig. 3) and the 
larger indifferent electrode over the opposite cheek (Fig. 4). Placing 
the electrodes in these positions causes the so-called diathermy beam to 
traverse the tympanum, the labyrinth, and the eustachian tube. Three 



Flc. 4. — Indifferent electrode in medical diathermy of the car. 

to four treatments a week, each one lasting from 20 to 30 min., have 
been advocated. The strength of the current should be gradually 
increased, and it is only rarely necessary to utilize more than 400 
Of 500 ma. 

One may encounter disagreeable effects due to labyrinthian irri- 
tation which, when present, should cause an immediate reduction in 
the amount of the current used. It is well to check the effect of the 
tpatment by frequent functional tests and to discontinue the diathermy 
“ no benefit is manifested. Many patients suffering from progressive 
deafness will believe that they hear better after any type of treatment, 
oven though functional testing may show no impro'^ement. 

AT-rayi have been employed in two ways in the treatment 
deafness. In one the use of the so-called diminutive dose to slimu- 
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late the pituitary, pineal, thyroid, parathyroid, and thymus glands has 
been advocated. The technic as described consisted of a cross fire via 
the back of the head, through the open mouth, and also through the 
sides of the head. The gratifying results claimed could not be sub- 
stantiated by most people. 

The second method consisted in the use of a so-called sclerolytic 
dose of x-ray to cause a reduction in the lymphoid structures situated 
about the postnasal space and the eustachian tubes. This apparently 
more rational form of therapy may be of some aid in the restoration of 
hearing if the deafness is due to eustachian tube blockage by lymphoid 



tissue. However, it is not as yet an accepted procedure and has been 
discontinued by many. For those that may wish to try it the technic 
as advocated will be described. ,, 

The patient should lie on a table and the entire head (except a small 
area about one inch in diameter about the external auditory meatus) 
is protected by heavy lead foil. The exposed area is subjected to 
x-ray irradiation^ssWh the following factors: S ma. at 8 (root 
means square) through a i-mm. aluminum filter with the tube at a 
distance of 15 in. for 45^ min. The other side is then irradiated in the 
same manner. 
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Method of Testing Hearing. — ^Audiometer. — This newer method 
of testing the hearing has been elaborated during the last several 
years. There are several types of audiometers, but the most popular 
is the one developed by Harvey Fletcher (Fig. 5). It consists of a 
thermo-ionic tube circuit in which the tube is placed into oscillation. 
By varying the electrical constants of the circuit, one may make the 
emitted tone assume various pitches which range, in this certain type 
of audiometer, from 64 double vibrations to 8,192 double vibrations. 
A suitable mechanism so calibrated as to record the hearing deficiency 
in a loss of sensation units is incorporated into the circuit for vary- 
ing the intensity of the tone. In using the instrument the hearing 
for each ear is tested separately. The patient places the receiver 
against his ear and the switches are set in contact so that the various 
tones may be produced. The intensity of these tones is gradually 
reduced until the patient can barely perceive them and the loss in 
sensation units is read directly from the instrument and charted 
upon a graph (Figs. 6, 7, 8, 9). In general, certain graphs may be 
more or less characteristic. A conduction type of deafness will show 
a graph in which there is a relatively large hearing loss in the lower 
tones while the upper tones may be uninvolved. Nerve deafness will 
show a hearing loss in (he upper tones whf/e otosclerosis may show 
a hearing loss that is most pronounced in both the upper and lower 
registers. 

Tinnitus Aurium 

^ This decidedly harassing condition is one with which the otologist 
13 frequently confronted. It should be considered as a symptom and 
not as a definite clinical entity. It may be due to systemic disturb- 
ances, such as variations in tlie blood pressure, blood dyscrasias, ar- 
teriosclerosis, syphilis, and other organic diseases. Local conditions 
about the ear may also be associated with tinnitus. Impacted cerumen 
or foreign bodies, especially insects, may give rise to this disagreeable 
symptom. Suppurative processes in the middle ear and their adhesive 
sequelae may also cause tinnitus. Otosclerosis and labyrinthian dis- 
turbances are attended by tinnitus in most cases, and certain intra- 
cranial conditions, such as acoustical tumors, may also be the cause 
of this symptom. It follows that the treatment must depend first upon 
an accurate diagnosis as to the cause of this condition and its proper 
enmmation. Diatbenny is a physical measure that has been repeatedly 
Unfortunately, in the authors’ bands it has been attended 
"ith but little success. In fact, in not a few cases the tinnitus was 
aggravated by the treatment. The technic by which the diathermy is 
applied is similar to that described under middle ear and mastoid 
is, the electrodes are used over the mastoid region of the 
ected ear and the opposite cheek respectively. Twenty-minute treat- 
ents should be repeated at appropriate intervals. In those cases of 
' associated with hypertension, one may try autocondensalion. 
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Tests of Labyrinthian Function. — Caloric Technic. — ^The laby- 
rinth may b.e tested in the classic manner by douching the ear with 
either hot or cold water. It Is customary to use cold water at a tem- 
perature of 20“ C. (68® F.), and to note the time required for the 
production of a nystagmus and the associated symptoms of vertigo, 
nausea, pallor, and sweat. Selective stimulation may be obtained by 
placing the head in a proper position. With the head bent 120® for- 
ward or 60® backward, the horizontal canal on tire irrigated side will 
be affected. With the head bent 30® forward, the vertical canals will 
be affected. In the presence of tympanic suppuration or a suspected 
labyrinthian fistula, the irrigation would, of course, be contraindicated. 
In such cases one may employ the galvanic current as a source of 
stimulation. 

Galvanic Technic. — ^The patient must be seated and must look at 
a distant object. The anode from a galvanic apparatus is held firmly 
in the band and the cathode is applied to the tragus. The current 
should then be gradually turned on. The normal labyrinth will respond 
to a current of from four to six miUiamperes. In case of hyperesthesia 
of the labyrinth, the response may occur with as little as one mil* 
Hampere. In hypofunction of the labyrinth, a current strength of more 
than six milUamperes may be required. 

Rhinophyma 

Rhlnophyma presents such a characteristic picture that no_ de- 
scription will be attempted. If the lesion is small and well localized, 
it may be entirely destroyed by electrocoagulation. The larger and 
more extensive growths should be removed by careful shaving with a 
razor, such as is used for the Thiersch graft, until the normal contour 
of the nose is obtained. The profuse bleeding that follows may be con- 
trolled by the use of a fine electrocoagulation current over the bleeding 
surface or by the use of hot packs. 

Furuncle of Nose 

This condition most frequently follows the removal of one of the 
vibrissae from the vestibule of the nose. There results a folliculitis 
about the hair follicle which tends lo remain localized.. However, if 
the vibrissae are subjected to trauma, such as deep incision or squeez- 
ing, grave complications may occur. The venous channels about the 
site of the furuncle communicate directly with the veins of the orbit 
via the angular vein and an extension of a thrombophlebitis upwards 
along the angularis follotving the manipulation of a furuncle may 
produce a cavernous sinus thrombosis with its fatal outcome. 

Treatment. — The treatment consists 0/ the strict avoidance of any 
local manipulation. Incision is to be condemned. Local applications. 
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of hot compresses, using a saturated solution of magnesium sulphate 
or boric acid, are recommended. Infra-red irradiations for 20 min. 
several times a day are helpful in promoting localization and relieving 
the pain. It is far better to permit the furuncle to rupture spon- 
taneously. If symptoms of high fever associated with toxemia appear, 
one must consider ligature of the angular vein high up alongside of 
the nose in order to ward off possible extension of a thrombophlebitis. 
X-ray treatment similar to that employed for carbuncle may also be 
utilized. 

Epistaxis 

Nasal bleeding may be due to a variety of causes, both local and 
systemic. Hypertension, blood dyscrasia, scurvy, sclerosis of the liver, 
and typhoid fever are a few of the general etiologic factors. Locally 
epistaxis may be due to nasal ulceration or malignancy. It is very 
frequently due to the pernicious habit of nose-picking. There soon 
results an abrasion of the septal mucosa with subsequent bleeding. 
By far the greatest number of cases of epistaxis is caused by a 
telangiectasia in the region of the anterior lower portion of the nasal 
septum, which is known as Little’s or Kiesselbach’s area. This bleed- 
ing may, as a rule, be controlled by the topical application of chromic 
acid bead or the use of the galvanocautcry. The bleeding site should 
be anesthetized with a 10 per cent solution of cocaine and the area 
gently touched. When using the galvanocautcry the point should 
never be heated to a wh’te glow as in such cases the cautery tip will 
cut rather than cauterize. 

Radium has also been advocated. It is used to produce an obliterat- 
ing fibrosis of the telangiectatic vessels. The dosage that has been 
described is 75 to 100 mg. hr. of the radium element. After proper 
cocainization, a 25-mg. capsule screened with 0.5 mm. of platinum, 
brass, and gutta-percha is placed beside the lesion and permitted to 
act for 3 or 4 hrs. If necessary, a similar application may be re- 
peated from 4 to 6 weeks later. The exact value of this procedure 
has not as yet been definitely determined. Electrocoagulation has 
been advocated in this region for the purpose of destroying these 
vessels. Extreme caution is advisable in the use of this powerful 
^gent since not a few cases of septal perforation have followed its 
use. The galvanocautcry is recommended in preference to dcctro- 
^oagulation. 

Acute Rhinosinusitis 

condition is characterized by acute inflammation of the mucous 
^embrane of the nose. In practically every rhinitis or “cold” the 
involved at the same time. The symptoms are well known. 

. f ‘Chilly sensation, malaise, nasal blockage and discharge, together 
iiu" i®ss severe headache, arc the usual complaints. Upon 

‘^poction the lurbjnals are swollen and edematous, preventing a good 
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inspection of the deeper parts. In addition the mucopurulent dis- 
charge is present. An x-ray taken at this lime may show a slight hazi- 
ness or even distinct cloudiness of the paranasal sinuses. 

Treatment. — In the treatment, systemic measures may be of de- 
cided use. A hot bath followed by a glass of hot lemonade and the 
exhibition of empirin compound ate measures that may promote free 
sudoresis. Liquids should be forced, and measures should be taken to 
evacuate the bowels. Locally the nose should be treated by instilling a 
three per cent aqueous solution of ephedrine by means of a dropper or 
an atomizer. The resultant shrinkage of the nasal mucosa \viU promote 
ventilation and drainage of the sinuses. Ephedrine is best used at four- 
hour intervals. Between treatments, mild silver antiseptics, such as 



argyrol or neosilvol, may be dropped into the nose. Physical measures 
may be of aid. Capillary suction, for which a nasal suction tip is used 
(Fig. i), is frequently of aid in removing the secretions from the nose. 
Infra-red irradiations over the face and sinus areas may also be of 
help. Twenty-minute exposures several times a day are advocated. 
During the exposure the eye should be covered with moistened gauze. 
One may also employ the Bruenning electric head cabinet (Fig. lo) fo^ 
a similar purpose. The cabinet is constructed so as to fit about the 
head. On the inside are electric light bulbs which are the source of the 
heat. Results obtained by the use of the Bruenning cabinet are in no 
way superior to those obtained with the customary type of therapeutic 
heat lamp. Diathermy, while advocated, has not proved of much bene- 
fit in these conditions. . . , 

In children general body irradiation with ultraviolet rays is said 
to prevent recurrent attacks of rhinitis. 
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Chronic Hypertrophic Rhinitis 

This condition is the familiar “catarrh” that the rhinologist is fre- 
quently confronted with. There exists a state of chronic turgescence 
or hypertrophy of the nasal mucosa, especially about the inferior 
turbinate. Repeated colds and dietary deficiency may have something 
to do with its production. Sinus pathology is frequently associated 
with it and may be the basic cause. The most pronounced symptoms 
manifested are impairment of nasal respiration and nasal discharge. 

Treatment. — In the treatment of this condition any systemic dis- 
ease or dietary deficiency should receive adequate consideration. The 
paranasal sinuses require investigation and treatment if at fault. 
Local measures applied to the nose, such as shrinkage with ephedrine 
and the use of the Dowling argyrol packs, may be of service. 

Physical measures have also been advocated. Medical diathermy 
has been of little or no benefit, in our hands, at least. \\Ticn a large 



Fio. 11. — Tip for galvaDocautery of the inferior turbinate. 


bulbous inferior turbinate is the cause of the difficulty in respiration, 
It may be reduced in some instances by the use of the galvanocaiUcry, 
A special nasal cautery tip (Fig. ii) is heated to a bright red and the 
^ucosa of the turbinal seared after proper anesthesia has been ef- 
fected. It is well to place two parallel sears along the entire length 
of the medial aspect of the turbinate, as well as one under its inferior 
J^pect. After the cautery one might take the precaution to insert a 
piece of wax paper sterilized by immersion in bichloride or alcohol be- 
tween the turbinate and the septum in order to prevent the formation 
of a synechia. 

Intiuxmural Electrocoagulation of Turbinates. — One of the 
authors has recently elaborated a method of electrocoagulation of 
he turbinal to be used in place of the cautery. The cautery has the 
isadvantage of being followed by a marked reaction and by the for- 
aUon of crusts and sometimes of adhesions. Secondary hemorrhage 
s also not unknown. The method advocated has none of these disad- 
antages. A special needle electrode (Fig. 12), made by insulating a 
ong surgical needle with a special bakelite compound within a milli- 
eter of its point, is used. The needle electrode is fitted into one of 
e customary handles and connected to a diathermy machine. In use 
is inserted into the head of the inferior turbinate and carried 
ong the medial aspect of the bone towards the posterior extremity 
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of the turbinal (Fig. 13) ; then, by means of a foot switch, the current 
is turned on and the needle is slowly withdrawn. One may also inter- 
rupt the current at varying intervals. Two such coagulations are placed 
within the turbinal along its medial aspect, and one coagulation, along 
its inferior aspect (Fig. 14). Before the needle is used on the patient, 
the strength of the current is adjusted by trying it on a piece of beef. 
The proper current is found when one is able to produce an area of 
coagulation of about one or two millimeters around the needle point. 
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Flo. X3. — GuUman electrode for iotraroural electrocoagulation of the inferior turbinate. 



Fic. 13. — Course of the turbinal electrode %vithin the body of the inferior turbinate. 

While many gratifying results have been obtained, the use of 
this method has not been observed sufficiently long for its value 
to be definitely ascertained. The danger of infection within the cavern- 
ous tissue or of osteomyelitis of the turbinal bone, due to destruction 
of the periosteum, has not been lost sight of, but as yet has not oc- 
curred. Theoretically any infection introduced with the needle should 
have been destroyed by the coagulation and further, the amount of 
periosteum that may be involved in the coagulation is only about a 




Atrophic Rhinitis nl 21 

millimeter in extent so that the slight loss of the nourishing mem- 
brane may not be of practical importance. 

Zinc Ionization. — Zinc ionization has also been advocated as a 
measure that may decrease the discharge and relieve obstruction. Its 
exact value has not as yet been definitely established, but it is well 
worth a trial. The nose is first cleansed by capillary suction and the 
entire nasal chamber is packed with strips of gauze impregnated with a 
one per cent solution of zinc sulphate. A flexible wire is fixed into the 
packing and connected to the positive terminal of a galvanic appara- 
tus, The negative terminal is suitably applied to the patient’s arm, the 



Fic. i|.— Cxois Sfclion oi in/erior (urbinatci, showinff the location of the ilreaki 

of electrocoagulation in relation to the periosteum of the turbinate. 

current is then gradually turned on until about to ma. are being 
utilized, and this is permitted to act from lo to 15 min. while the 
current is slowly decreased. The pack is then removed. The mucosa 
will be found to have a shrunken, grayish appearance. Improvement 
is said to manifest itself within a week, although the symptoms some- 
times may be aggravated for a day or two. In obstinate cases the 
procedure should be repeated at weekly intervals. 

Atrophic Rhinitis 

The clinical picture of fetor ex nasi, associated wth the intranasal 
accumulation of greenish crusts and the “roomy” appearance of the 
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nasal fossa, is so characteristic that no further description will be 
attempted. 

The cocci-bacillus of Prez and Abel is supposedly the offending 
organism and is found in conjunction with many other organisms, 
especially the pseudodiphtheria bacillus. 

In the treatment measures that aid in the removal of crusts are indi- 
cated. Various stimulating medicaments may be applied locally. Vac- 
cine therapy has not been successful. Operative measures to decrease 
the roominess of the nose, such as the submucous implantation of 
ivory or various other procedures for moving the lateral nasal wall 
towards the midline, have been advocated with excellent results in 
many cases. This is especially true in ivory implants. Physical methods 
have also been utilized. The use of intranasal quartz has been attended 
with but little success in the authors* hands. ^lore promising is the use 
of radium. Two so-mg. tubes of radium screened with 0.2 mm. of 
platinum and enclosed in a i-mm. brass tube are inserted against 
the lateral wall of the nose for one hour on each side. Within a week 
an acute reaction will occur which subsides within two or three weeks 
with a decrease in the fetor and scab formation. Three to five such 
treatments may be given at appropriate intervals. Sufficient experience, 
however, has not been had with this method, so that further trial is 
necessary before its worth can be definitely evaluated. 

Intumescence op Inferior Turdinal 

This very common condition, which is undoubtedly due to a vaso- 
motor instability, is manifested as an alternating impairment of nasal 
respiration. The turbinal, although engorged, shows little if any 
other change. The condition occurs most frequently in sensitive and 
highly nervous patients who are frequently oversexed. It may be due 
to an endocrine imbalance or allergic state. The turbinate shrinks 
readily upon the use of ephedrinc or cocaine. In the treatment sys- 
temic measures are of importance. In addition one may utilize the 
golvanocoutery, intramural electrocoagulation, or zinc ionization of 
the turbinate, as described above. 

Chronic Sinusitis 

It is beyond the scope of a work such as this to describe even 
briefly the various factors involving the etiology, symptomatology, 
pathology, and diagnosis of the various diseases of the paran^al 
sinuses. Instead, there will be discussed only those pertinent physical 
procedures that are of value in the diagnosis or treatment of the 
affections. 

Transillumination. — By transUlumination one can obtain some 
idea as to the extent or size of a sinus, as well as some conception as to 

Inwrt — Color Plat* — pages tj and *4. 
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the pathologic process that may be found within its confines. The pro- 
cedure consists of passing a strong light through the nasal cavity by 
means of an appropriate transilluminator. The irontal sinuses may be 
illuminated by placing the transilluminator into the superior internal 
aspect of the orbit (Fig. 15), w’eil up against the frontal bone. The 
procedure must, of course, be carried out in a dark room. In health the 
entire sinus will show an even red illumination. However, if the sinus 
is absent, or if it contains pus or is lined by a thickened pathologic 
membrane, the illumination will be absent or decreased, depending 
upon the condition. One must always illuminate the opposite sinus 
and use it as a basis of comparison. 

The maxillary sinuses may be transilhiminatcd by placing the 
transilluminator within the mouth. One must remember to remove all 
artificial dentures. Normally there should be an area of illumination 
about the antral regions, a slightly darkened area over the malar 
process, and above this another illuminated region under the eyes. 



, Fig. 16. — Transilluminalion of the mamillary sinuses. 


In addition there is frequently found a red reflex in the pupils. In 
pathologic conditions the illuminated portion will show varied de- 
grees of shadow, depending upon the degree of pathologic process 
present. One may also place a transilluminator behind the rim of the 
orbit (Fig. 16) and note the presence or absence of illumination ^\ithin 
ihe mouth in the region of the palate. It is well to remember that in 
early pathologic or atrophic processes of the sinus mucosa, the illu- 
mination may approach the normal and also that in well-healed 
membranes the transillummation may be decreased and even absent. 
*f<insillniniuation should be used only as any other laboratory aid, 
namely, as a means of confirmation in establishing a diagnosis. 

.. Roentgenograms, — X-rays should also be used as an aid in estab- 
lishing or confirming the diagnosis; especially since the advent of 
, 'opaque oils, we have a means at our command that may give us 
minute details as to the nature of the pathologic membrane lining 
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nasal fossa, is so characteristic that no further description will be 
attempted. 

The cocci-bacillus of Prez and Abel is supposedly the offending 
organism and is found in conjunction with many other organisms, 
especially the pseudodiphth^ia bacillus. 

In the treatment measures that aid in the removal of crusts are indi- 
cated. Various stimulating medicaments may be applied locally. Vac- 
cine therapy has not been successful. Operative measures to decrease 
the roominess of the nose, such as the submucous implantation of 
ivory or various other procedures for moving the lateral nasal wall 
towards the midline, have been advocated with excellent results in 
many cases. This is especially true in ivory implants. Physical methods 
have also been utilized. The use of intranasal quartz has been attended 
with but little success in the authors* hands. More promising is the use 
of radium. Two so-mg. tubes of radium screened with 0.2 mm. of 
platinum and enclosed in a i-mm. brass tube are inserted against 
the lateral wall of the nose for one hour on each side. Within a week 
an acute reaction will occur which subsides within two or three weeks 
wth a decrease in the fetor and scab formation. Three to five such 
treatments may be given at appropriate intervals. Sufficient experience, 
however, has not been had with this method, so that further trial is 
necessary before its worth can be definitely evaluated. 

Intumescence of Inferior Turdinal 

This very common condition, which is undoubtedly due to a vaso- 
motor instability, is manifested as an alternating impairment of nasal 
respiration. The turbinal, although engorged, shows little if any 
other change. The condition occurs most frequently in sensitive and 
highly nervous patients who are frequently oversexed. It may be due 
to an endocrine imbalance or allergic state. The turbinate shrinks 
readily upon the use of epbedrine or cocaine. In the treatment sys- 
temic measures are of importance. In addition one may utilize the 
galvanocautery, intramural dectrocaagulation, or zinc ionization of 
the turbinate, as described above. 

CHRONtC SiNOsms 

It is beyond the scope of a work such as this to describe even 
briefly the various factors involving the etiology, symptomatology, 
pathology, and diagnosis of the various diseases of the paranasal 
sinuses. Instead, there will be discussed only those pertinent physical 
procedures that are of value in the diagnosis or treatment of the 
affections. 

Transilluminatioxv — By transHlumination one can obtain some 
idea as to the extent or size of a sinus, as well as some conception, as to 

InMft— Color rUle — pajf» 13 and a4 
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Capillary Suction. — Various methods of giving aqueous irriga- 
tions have been utilized in the past, but they have been condemned 
except in certain conditions. The deleterious effect of aqueous irriga- 
tion upon the nasal sinus and mucous membrane has been fairly well 
established both by experimental study and clinical observation ; there- 
fore we advocate the use of capillary, suction in order to evacuate 
secretions from within the nasal chambers. The source of the vacuum 






Fic. 19. — Water fjpe suction apparatus, with oli\c-tipi>cd end 


may be the various power pumps or one of the several types of water 
suction pumps (Fig. 19). An appropriate handle (Fig. i), such as 
the Beck, is necessary. Upon it one may attach relatively large-bore 
nasal suction tips or the finer-bore aural tips. One may also attach to 
the handle a trochar that has been introduced into the antrum in order 
to remove the contained secretions. One may likewise employ the large 
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diagnostic technic. By these means definite data regarding the size, 
shape, and position of a sinus can be obtained. Moreover, a clue may 
be found as to the presence or absence of a pathologic process within 
the sinus cavity. The use of the oil is especially helpful in distinguish- 
ing hypertrophic membranes, cysts, tumors, and mucoceles of the 
sinuses. Furthermore, by studying the time interval required by a 
sinus to rid itself of the radiopaque oil, one may obtain some idea 
as to the functional activity of the ciliary mechanism. A normal sinus 
should empty itself within from 72 to 96 hr. Should a longer time be 
required, obstructions to the sinus ostium or pathologic impairment 
of the ciliary membranes must be considered. The radiopaque oil may 
be introduced into the sinuses by means of a suitable trochar or the 
displacement method of Proetz. 

Diagnosis. — Displacement Irrigation. — For diagnosis, one may 
employ lipiodol or bromodol. An x-ray taken with the contrast fluid 
within the sinus will aid in giving information regarding the patho- 
logic status of the sinus membrane as well as the functional activity. 
In therapy one may employ various medicaments to affect the sinus 
membranes. A one-half per cent solution of ephedrine may be used to 
cause shrinkage of the mucosa and a five per cent solution of neo- 
silvol may act as an antiseptic. Besredka’s antivirus may also be used. 

Treatment. — Displacement Irrigation. — A profound effect has 
been exerted upon roentgenographic technic and interpretation, and 
to a lesser extent upon the therapy of sinus condition, by Proetz’s con- 
tribution of displacement irrigation. The problem is to introduce into 
a relatively large sinus having a small opening some fluid used 
for either diagnosis or treatment. It is apparent that the fluid can 
replace the air within the sinus only when the latter has been re- 
moved. This may be acconjplished by overlaying the sinus opening 
with the fluid and then exerting a negative pressure over the orifice. 
This will cause small bubbles of air to be evacuated from the sinus; 
upon permitting the return of the pressure to normal, the overlying 
fluid will be aspirated into the sinus to take the place of the air. 

In actual practice, this is achieved by putting the patient in a 
supine position with the head so placed that the orifice of the sinus 
to be investigated or treated is uppermost. In case of the sphenoid the 
head is put into a pendant position so that the chin and the auditory 
meatus are in the same vertical line. Several cubic centimeters of 
the fluid are then introduced into each nostril (Figs. 17 and 18), a 
small hand bulb being used to evacuate the air. The bulb is com- 
pressed and tightly applied to one nostril, the other being closed, and 
the patient is then instructed to say “K, K, K” several times, thus 
closing the nasal pharynx. At each vocalization, the bulb is permitted 
to expand, thus producing the negative pressure. This procedure 
should be repeated several times. 
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Tuberculosis and Lupus of Nose and Tjiroat 

The lesions are not commonly seen except in tuberculosis centers 
and institutions. In tuberculous ulcerations of the nose, the patient 
will complain of crusting epistaxis and impaired respiration. Intra- 
nasal examination may disclose a typical yellowish ulcer having a 
characteristic nibbled undermined edge. The lesion will most fre- 
quently be found upon the cartilaginous portion of the septum. Lupus 
of the nose is frequently associated with the same lesion of the face 
and nasal alae. Here the patient may also complain of nasal blockage 
and crusting and in addition may have an acrid nasal discharge. Ex- 
amination may show typical “apple jelly” nodules as well as super- 
ficial yellowish ulcerations and rose-colored, raspberry-like granula- 
tions. 

Treatment. — In the treatment the primary tuberculosis must re- 
ceive adequate attention. Generalized body irradiation with the ultra' 
violet ray, or natural heliotherapy, is of help. Locally one may cauter- 
ize the ulcers and granulations with lactic acid or even the galvano' 
cautery. Localized ultraviolet irradiation, especially with the modified 
carbon arc lamp developed by Wessely, may be of great aid towards 
obtaining a cure. The lesion should be irradiated at intervals of one to 
three days until healing has occurred. The length of the session 
varies. One should start with three minutes’ irradiation and rapidly 
increase the dosage until a lo or 15 minute period is developed. 

Tuberculous ulcerations of the pharynx may be seen to coexist 
with a laryngeal tuberculosis. The patient, as a rule, will complain of 
discomfort in swallowing that may become progressively worse until 
extreme dysphagia is present. Examination of the pharynx will dis- 
close a typical superficial ulceration having a yellowish base and a 
nibbled undermined edge. The lesions may be found upon the pharynx, 
pillars, or tonsils. The treatment is the same as that described for 
lesions within the nose. 

Malignant Tumors of Nasal Sinuses 

Carcinoma and sarcoma arc the most frequent types of malignancy 
found in the paranasal sinuses. Although sarcoma appears in the very 
young, it is just as frequently seen in adult life. Carcinoma, how- 
ever, appears in the later decades. The symptoms that are most 
frequently encountered arc pain and swelling of the cheek, associated 
with nasal discharge of a hemorrhagic character and respiratory block- 
age. Encroachment upon (he orbit may cause a proptosis or deviation 
of the eyeball. The roentgenogram will disclose a blocked-out sinus 
with definite involvement of the surrounding bony wall. Extension up- 
wards, which is especially frequent in ethmoid neoplasms, is often 
folloucd by meningitis; or death may be caused by an extensive 
hemorrhage or a terminal cachexia. 
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olive-suction tip to the nose in order to evacuate secretions from the 
sinuses as a means of diagnosis. The glass olive tip is connected to 
the suction apparatus and applied to one nostril, the other nostril 
being closed. The patient is instructed to say “K” several times while 
the suction is acting. Should there be any purulent secretions within 
the sinuses, they may be found after this mass suction in the region 
of the various ostia has been carried out. 

Intranasal Quartz Therapy and Medical Diathermy. — In 
spite of the many enthusiastic reports regarding the use of these two 
agents in the treatment of sinus and nasal disturbances, we have 
found that little, if any, benefit has been derived from them in actual 
practice. General ultraviolet irradiation or natural heliotherapy may be 
of some value in the treatment of sinus disease in children. 

Nasal Polypi 

This rather common rhinologic condition presents such a character- 
istic intranasal picture that it admits of easy diagnosis. The orthodox 
removal with a snare and even the performance of an etbmoidectomy 
do not, as a rule, prevent their recurrence. Several physical meas- 
ures for limiting and preventing reformation of polypi have been 
advocated. 

Treatment. — Galvanocautcry and electrocoagulation of the re- 
mains, after the removal of polypi, have been advocated. Undoubtedly 
cicatrization after the use of these agents may prevent or retard the 
reformation of these growths. However, more extensive trial and ob- 
servation will be necessary before these procedures can be accepted 
as safe and effective. The possibility of intracranial complications fol- 
lowing these procedures should be borne in mind. It is well to wait a 
sufficiently long period of time after the surgery has been performed 
before utilizing galvanocautcry or electrocoagulation: Only small areas 
should be coagulated at a time and care must be taken to employ 
only minimal amounts of current. 

Radium has also been advocated as a means of preventing or im- 
peding the reformation of polypi after surgical removal. It has been 
stated that the use of radium will cause an inhibition in the activity 
of the nasal mucosa with a decrease in the vascularity by the pro- 
duction of an endarteritis and also ivith an increase in fibrosis, thus 
preventing the recurrence of polypi. A so-mg. capsule of radium 
properly screened is applied to the ethmoid region and held in place 
by means of a pack. The radium is permitted to remain in situ from 
two to four hours. If recurrences appear, it is advised that these be 
removed and the radium irradiation repeated. It is stated that any 
tecurrentes which may appear are of a more fibrous character and 
that there will be no recurrences after the third irradiation. However, 
we have found recurrences even after four and five treatments. 
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times. The wound must be packed wide open and carefully watched 
for any evidence of recurrence. Any suspicious regrowth should be 
subjected to immediate diathermic destruction. If there is any question 
regarding the lack of innocence of what is apparently a granulation, a 
confirmatory biopsy should be performed. 

It might be well at this time, or shortly after, to introduce four tubes, 
each containing twelve and one-half milligrams of radium properly 



tiG. 20, — Wax cast shoeing method ol applying a radium collar to neck. (Courtesy of 
Dr. A j. Larkin.) 


screened and left in place for 72 hours. The neck may be irradiated by 
means of a radium collar (Fig. 20), described in the next section, at 
the same time or at some later period. 

It must be admitted that the mutilation and disfigurement with 
such radical surgery are very noticeable, but one may utilize a tem- 
porary prosthesis to cover the defect. The patient must return at 
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times. The wound must be packed wide open and carefully watched 
for any evidence of recurrence. Any suspicious regrowth should be 
subjected to immediate diathermic destruction. If there is any question 
regarding the lack of innocence of what is apparently a granulation, a 
confirmatory biopsy should be performed. 

It might be well at this time, or shortly after, to introduce four tubes, 
each containing twelve and one-half milligrams of radium properly 



Fic. JO — Wax oiX showing method of applying a radium collar to netlk. (Courtesy of 
Dr. A. J. Larlin.) 

screened and left in place for 72 hours. The neck may be irradiated by 
means of a radium collar (Fig. 20), described in the next section, at 
the same time or at some later peritxl. 

It must be admitted that the mutilation and disfigurement with 
such radical surgery are very noticeable, but one may utilize a tem- 
porary prosthe<;is to cover the defect. The patient must return at 
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stated intervals for careful observation of the wound. After the cer- 
tainty of a cure is established, the defect may be repaired by a plastic 
procedure or by the use of a permanent prosthesis. 

hfALiGNANT Tumors of NASoPiiARyNX 

Sarcomas, carcinomas, and lympho-epitheliomas are the most fre- 
quent types of malignant neoplasms that are found within the post- 
nasal space. The sarcomas, while more frequent during early life, may 
be found at all ages. Carcinomas may appear in older individuals. 
The earliest symptoms are nasal blockage, change in voice, and 
sometimes deafness or middle ear suppuration due to the invasion of 
the eustachian lube. Hemorrhages are not infrequenl. The extension 
of the growth into the nearby jugular foramen may give rise to the 
syndrome of unilateral paralysis of the palate, pharynx, tongue, larynx, 
sternomastoid, and trapezius muscles. As the growth^ progresses a 
typical frog-face appearance will be manifested. The diagnosis is, of 
course, definitely established by biopsy and the prognosis is as a rule 
grave, if not altogether hopeless. 

Treatment. — One may attack the neoplasms with surgical dia‘ 
thermy'zs noitd. under nasopharyngeal fibroma. 

Radium cmanatiou may also be used. Gold seeds containing 1.5 
to 2 milUcuries to every cubic centimeter present should be implanted. 
A radium' collar should be applied to the neck. This is made by placing 
6 tubes containing twelve and one-balf milligrams of radium three 
centimeters apart and two and one-half centimeters from the skin 
around the neck (Fig. 20). Proper beta screening must, of course, be 
employed. The collar is then secured by a bandage, which must be 
renewed daily, and the radium permitted to act for four days, thus 
giving a dosage of about 7,200 mg. hr. at a distance of two and one- 
half centimeters. 

However, these measures are but palliative in nature and a fatal 
outcome is tbe rule. 


Nasopharynceai. Fibroma 

This rather rare tumor appears as a sessile growth within the vault 
of the nasopharynx, arising as a rule from the underlying periosteum. 
It is essentially a tumor of the young, appearing most often between 
the ages of 10 to 15 years. Although histologically benign, fibromas 
may become clinically malignant due to encroachment upon vital 
structures. 

The symptoms are mainly those of nasal obstruction and a peculiar 
change in the voice, a rhinolalia obstructiva. The diagnosis may be 
easily established by the use of a postrhinoscopic mirror and by pal- 
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pation. The tumor must be distinguished, however, from a malignant 
neoplasm. 

Treatment. — The surgical excision is a difficult procedure that is 
fraught with danger. It is best to destroy the growth by the use of 
surgical diathermy. If the neoplasm is small, it may be exposed by 
pulling the soft palate forward by means of two catheters passed 
through the nose. If a larger growth is present, the soft palate may 
have to be split or even an extensive lateral rhinolomy performed in 
order to secure adequate exposure. The coagulation should be effected 



F:c. If — Varioui tyj^cs cl tr.Ucduun for inplantinz rulcn xed* in miUzrur^ui 
iheui the iwe, throat, and br>nz. (Courtoy of I>r. A. }. tjrktn } 

•n several treatments and a postnasal pack mu.it be held in rea/Jiness 
^fF.es, to be used in case of hemorrhage. 

Radium emanation has aI.-o been advocated in the treatment of 
r^asopfury-ngeaf fibromas. Gold seerh containing 1.5 to 2 millicuries 
be inserted into the growth by means of an appropriate af>- 
Ptotor (Fig. 21), using one sceti for every srjuare centimeter of 
umof base. The application will have to be rer>eated at certain 
intervals. 
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• • Chronic Follicular Pharyngitis 

This condition, which is frequently seen, consists in the hypertrophy 
of the isolated lymphoid follicles situated in the pharyngeal mucosa. 
There may be an associated chronic spheno-ethmoiditis and post- 
nasal drip. The diagnosis is easily made upon inspection of the poste- 
rior pharyngeal wall. Attention to the primary nasal condition is of 
the utmost importance in the treatment. The individual follicle may 
be destroyed by electrocoagulation with an appropriate elongated in- 
sulated electrode. 


Alveolar Fistulas 

Fistulation into the antrum may be seen following the removal of 
teeth that have been anatomically related to the antrum. The dental 
practice of curetting the socket following the extraction, during which 
the curette is pushed into the antrum, is probably the most im- 
portant cause of its formation. These fistulas tend to heal provided 
an extensive sinus infection is not present. However, should there be 
a great deal of suppuration, tendency towards healing is practically 
absent, and the fistulas will become lined with epithelial membrane. 

The closure may be difficult in some cases. The antrum should re- 
ceive proper care and an intranasal window or radical sublabial 
operation may be necessary. The fistula itself may be cauterized with 
trichloracetic acid. We have had more success by using the actual cau- 
tery upon the fistula. Should these measures prove ineffective, a plas- 
tic closure involving a sliding mucoperiosteal flap may be necessary. 


Chronic Tonsillitis 

Diathermy. — Physical agents have been repeatedly advocated as 
substitutes for orthodox methods in the treatment of chronic tonsillar 
disease. Medical diathermy and ultraviolet irradiation to the tonsils 
are mentioned only to be condemned as of little, if any, practical 
value. Surgical diathermy is a method that may be of value in certain 
selected cases. The removal of tonsils by means of electrothermic 
methods cannot, as yet, displace accepted surgical procedures. One 
may use them in place of certain definite contraindications to surgery, 
such as diabetes and hemophilia, or in other systemic conditions in 
which the physical state may make the orthodox procedure hazardous. 
They may also be utilized when patients refuse the orthodox tonsillec- 
tomy due to timidity or apprehension. Surgical diathermy has a pro- 
nounced field of usefulness in destroying plical overgrowths that are so 
frequently observed after tonsillectomy. It is also a method of choice in 
.removing portions of tonsil that have been left by inexpert removal. 
Surgical diathermy may be utilized in two ways in the eradication of 
tonsillar disease. 
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Radium Therapy. — Radium therapy may be considered in the face 
of definite contraindications to surgery or surgical diathermy. How- 
ever, we question the advisability of enclosing a focus of infection in a 
fibrous scar tissue, as occurs after radium therapy. For those who may 
wsh to utilize radium in chronic tonsillitis, the following technic has 
been used satisfactorily: The tonsils are cocainized with lo per cent 
cocaine applied by a swab and then gold radon seeds containing one or 
1. 5 millicuries are implanted for each cubic centimeter of tonsil tissue. 
We have had atrophy occur after using one seed in small tonsils and 
two seeds in large tonsils. 

Tissue-Cutting Current- — ^The tissue-cutting current may be used 
to dissect or enucleate the tonsil. This method, however, presents no 
particular advantages over the ordinary cold scalpel or snare. Al- 
though the current may seal capillary vessels, those of moderate size 
bleed just as readily when cut by the current as when cut during 
the ordinary surgical technic. Secondary hemorrhage is probably more 
frequent. For these reasons we have discontinued the use of this type 
of current in tonsillar surgery. . 

Electrocoagulating Current. — Surgical diathermy may be used by 
employing the electrocoagulating current in the piecemeal removal of 
the tonsils. Small portions of the tonsil may be electrocoagulated, or 
electrodesiccated, at successive sessions. However, this method in the 
inexpert operator’s hands, at least, is open to question. If the operator 
is too timid, he may coagulate only the superficial parts of the tonsil 
and thus seal an infectious process within the cryj)ts. There is also 
danger of the inexpert operator’s going to the other extreme and 
coagulating beyond the confines of the tonsillar capsule. The integrity 
of the pillars and the pharyngeal musculature must be as closely 
respected when using electrocoagulation as when using a knife. More- 
over, postoperative sloughing with dangerous secondary hemorrhage 
is not an infrequent complication. Deep and submerged tonsils may 
be difficult to treat by the coagulating current without endangering the 
surrounding structures. We have, therefore, abandoned electrocoagu- 
lation of the tonsils except when faced with certain conditions as men- 
tioned above, and employ it mainly for the destruction of tonsillar 
remnants and plical overgrowths. 

Technic of Electrocoagulation. — Local anesthesia of the tonsils, 
palate, pharynx, and base of the tongue is effected by the use of a lo or 
20 per cent cocaine solution. This solution is repeatedly sprayed or 
swabbed over the area at intervals of three or four minutes. WTien 
anesthesia is complete, the procedure may be started. The patient 
sits in a chair in an upright position and a large indifferent electrode 
IS placed against the back so as to maintain a firm contact. The 
apparatus should have been previously adjusted to deliver a current 
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Chronic FoLi.ictjij«i Pharykgitis 

This condition, which Is. frequently seen, consists in the hypertrophy 
of the isolated lymphoid follicles situated in the pharyngeal mucosa. 
There may be an associated chronic spheno-ethmoiditis and post- 
nasal drip. The diagnosis is easily made upon inspection of the poste- 
rior pharyngeal wall, , Attention to the primary nasal condition is of 
the utmost importance in the treatment. The individual follicle may 
be destroyed by dcctrocoagulalion with an appropriate elongated in- 
sulated electrode. 


Alveolar Fistulas 

FistuJation into the antrum may bo seen loiiowing the removal of 
teeth that have been anatomically related to the antrum. The dental 
practice of curetting the socket following the extraction, during which 
the curette is pushed into the antrum, is probably the most im- 
portant cause of its formation. These fistulas tend to heal provided 
an extensive sinus infection is not present. However, should there be 
a great deal of suppuration, tendency towards healing is practically 
absent, and the fistulas will become lined with epithelial membrane. 

The closure may be difficult in some cases. The antrum should re- 
ceive proper care and an intranasal window or radical sublabial 
operation may be necessary. The fistula Itself may be cauterized with 
trichloracetic acid. We have had more success by using the actual cau- 
tery upon the fistula. Should these measures prove ineffective, a plas- 
tic closure involving a sliding mucoperiosteal flap may be necessary. 


Chronic Tonsillitis 

Diathermy. — Physical agents have been repeatedly advocated as 
substitutes for ortbcwiox methods in the treatment of Tronic tonsillar 
disease. Medical diathermy and ultraviolet irradiation to the tonsils 
are mentioned only to be condemned as of little, if any, practical 
value. Surgical diathermy Is a method that may be of value in certain 
selected cases. The removal of tonsils by means of electrothermic 
methods cannot, as yet, displace accepted surgical procedures. One 
may use them in place of certain definite contraindications to surgery, 
such as diabetes and hemophilia, or in other systemic conditions in 
which the physical state may make the orthodox procedure hazardous. 
They may also be utilized when patients refuse the orthodox tonsillec- 
tomy due to timidity or apprehension. Surgical diathermy has a pro- 
nounced field of usefulness in destroying plica! overgro^vtbs that are so 
frequently observed after tonsiHeclomy. It is also a method of choice in 
removing portions of tonsil that have been. left by inexpert^ removal. 
Sidrgicai diathermy may be utilized in two ways in the eradication of 
tonsillar disease. 
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away from the pillars. With the electrode properly placed, the current 
is turned on by means of a foot switch for several seconds until a defi- 
nite blanched area of two or three millimeters is obtained. Under no 
circumstances may the blanching approach the region of the tonsillar 
pillars, as these must always be scrupulously avoided. Several of these 
punctures are then successively made, the sites being such that the re- 
sulting blanched areas will not quite come in contact with one another. 
It must be borne in mind that the final destruction will extend for sev- 
eral millimeters beyond the area of visible coagulation. About six to 
eight of such punctures may be made in each tonsil at one sitting. 
Any bleeding or oozing that may occur is stopped by sparking the 
bleeding site. In case of submerged tonsils or deep-lying stumps, the 
pillars must be carefully retracted by the insulated retractor noted 
above. 

After the session the patient is instructed to gargle the throat 
mildly with any antiseptic mouth wash several times a day and to 
return for observation at intervals of several days. The patient is 
further warned that there may be some discomfort and sore throat. 
Any such disagreeable sequelae may be treated by the use of ortho- 
form or thantis lozenges. Gum containing acetylsalicylic acid (asper- 
gum) may also be of aid when chewed. 

The coagulum separates usually within a period of lo days, after 
which another treatment is given. In the subsequent treatments, 
which may number four or five, one must be exceedingly careful to 
respect the integrity of the pillars and underlying pharyngeal muscu- 
lature. These boundaries of safety must not be passed and it is well 
ever to bear in mind that the carotid artery normally lies but one- 
eighth or one-fourth of an inch beyond the muscular confines of the^ 
tonsil, and that in some instances where the artery pursues an aber- 
rant course, it may be in actual contact with the constrictors of the 
pharynx. That this possibility is not only theoretical is attested by 
the fact that one of the authors saw in consultation one such case, in 
which an extensive massive hemorrhage followed the unintentional 
coagulation of the carotid artery. 

A number of modifications of the simple technic outlined above 
have been advocated at one time or another. Those that depend upon 
the use of button or ball electrodes are mentioned only lo be con- 
demned. The bipolar method of tonsillar coagulation in which a metal- 
lic pillar retractor is used instead of the inactive electrode at the 
patient’s back has been receiving a great deal of popularity. The use 
of clcctrodcsiccation instead of the coagulating current has also been 
advocated, but as yet has not received universal acceptance. 

X-Ray Irradiation. — X-ray irradiation for tonsillar disease has 
f^len more or less into disrepute and is employed only by the occa- 
sional enthusiast. However, for those who may wish lo use this method, 
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that will cause an area of two or three millimeters to blanch after 
an interval of one or two seconds. The different types of apparatus 
will,, of course, require individual settings. Roughly speaking, how- 
ever, the proper current will be found when the ammeter shows a 
reading of about three or four hundred milliamperes, with the patient 
in the closed circuit. 



Fia ii.-^Hannana bipolar tonsil electrode. 



Fig. 23. — Enlargement, showing construction of tip of Harmann bipolar tonsil electrode. 



Fic. 24. — Insulated tongue depressor. 




Fio. 25. — ^Insulated tongue retractor. 




A suitable electrode is then selected (Figs. 22, 23). A rubber com- 
pound or insulated tongue depressor and pillar retractor {Figs. 24, 25) 
are utilized to obtain a clear view of the operative field. The electrode 
is inserted into the supratonsillar fossa to a depth of one or two milli- 
meters. This point of entrance must be at least four or five millimeters 
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away from the pillars. With the electrode properly placed, the current 
is turned on by means of a foot switch for se%'eral seconds until a defi- 
nite blanched area of two or three millimeters is obtained. Under no 
circumstances may the blanching approach the region of the tonsillar 
pillars, as these must always be scrupulously avoided. Several of these 
punctures are then successively made, the sites being such that the re- 
sulting blanched areas will not quite come in contact with one another. 
It must be borne in mind that the final destruction will extend for sev- 
eral millimeters beyond the area of \'i5ible coagulation. About six to 
eight of such punctures may be made in each tonsil at one sitting. 
Any bleeding or oozing that may occur is stopped by sparking the 
bleeding site. In case of submerged tonsils or deep^lying stumps, the 
pillars must be carefully retracted by the insulated retractor noted 
above. 

After the session the patient is instructed to gargle the throat 
mildly with any antiseptic mouth wash several times a day and to 
return for obscr\*ation at inten.*als of several days. The patient is 
further warned that there may be some discomfort and sore throat. 
Any such disagreeable sequelae may be treated by the use of ortho- 
form or thanas lozenges. Gum containing acetylsalicyh'c add (asper- 
gum) may also be of aid when chewed. 

'Hie coagulum separates usually within a period of lo days, after 
which another treatment is given. In the subsequent treatments, 
which may number four or five, one must be exce^ngly careful to 
respect the integrity of the pillars and underlpng phar>Tigeal muscu- 
lature. These boundaries of safety must not be passed and it is well 
ever to bear in mind that the carotid artery normally lies but one- 
eighth or one-fourth of an inch beyond the muscular confines of the_ 
tonsil, and that in some instances where the artery pursues an aber-' 
rant course, it may be in actual contact with the constrictors of the 
pharynx. That thU possibility is not only theoretical is attested by 
the fact that one of the authors saw in consultation one such case, in 
which an e.\tensive massive hemorrhage followed the unintentional 
coagulation of the carotid artery. 

A number of modifications of the simple technic outlined above 
have been advocated at one time or another. Those that depend upon 
the Use of button or ball electrodes are mentioned only to be con- 
demned. The bipolar method of tonsillar coagulation in which a metal- 
lic pillar retractor is used instead of the inactive electrode at the 
patient’s back has been receiving a great deal of popularity. The use 
of ehctrodesiccation instead of the coagulating current has also been 
advocated, but as yet not received universal acceptance. 

X-Ray Irradiation. — X-ray irradiation for tonsillar disease h a? 
f^Ien more or less into dbrepute and is employed only by the occa- 
sional enthusiast. However, for those who may wish to use this method. 
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the technic is described. The patient is made to lie prone upon the 
treatment table with the head turned sharply to one side. The central 
beam is directed to pass into the side of the neck just posterior to 
the jaw. Five milliamperes at lOO kv., with a 30 cm. focal spot dis- 
tance, are given for 5 min. through a 3-mm. aluminum filter, using 
a s-cm. ' lead - diaphragm at 15 cm. from the target. Both sides are 
treated at the same time and treatments may be repeated eight times 
at weekly intervals. 


Papillomas op Oroph-vrynx 

Papillomas, which may easily be recognized, arc found most fre- 
quently upon the palate tonsillar pillars and the uvula. They may be 
destroyed by resection and electrocoagulation of the base. 

Hyperkeratosis of PHitRYNX and Tonsils 

This affection is characterized by the formation of small, whitish 
masses upon the tonsils, the lower portion of the pharynx, and es- 
pecially at the base of the tongue. The removal of one of these masses 
and the examination of it under the microscope will disclose the 
specific offender, the Leptothrix buccalts. 

If the affection is localized only to the tonsillar region, removal of 
the tonsils will be followed by a cure. In other portions of the pharynx 
and at the base of the tongue the treatment par excellence is the use of 
the sharp tipped galvauocantcry or electrocoagulation. Each of the 
little specks should be destroyed individually and only a small area 
should be treated at one sitting. After the procedure one may employ 
any of the various antiseptic mouth washes. 

’ Lingual Varices 

Lingual varices are easily recognized. They may be destroyed by 
using electrocoagulation. An appropriately bent insulated electrode is 
applied to the enlarged vein and the site of application is controlled by 
the use of the laryngeal mirror while the patient aids by holding his 
tongue with a piece of gauze. Great care must be taken not to touch 
the epiglottis accidentally while the current is acting. 

Carcinoma of Tongue 

This fairly common condition is not, as a rule, difficult to diag- 
nose. When it is seen early, and especially when it is located on. the 
dorsum or edge of the anterior third of the tongue, it may be amenable 
to destruction by electrocoagulation. 
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Laryngeal Paralyses 

The growth should first be circumvallated by a zone of coagulation 
extending well into the healthy tissues. The tumor proper may then be 
destroyed and removed piecemeal. It is probably better to remove too 
much than too little. If the lesion is at all extensive or if it is located in 
the posterior aspects of the organ, it might be well first to ligate the 
lingual artery as a precaution against postoperative hemorrhage. The 
succeeding wound must be carefully watched and any suspicious re- 
growth promptly destroyed. 

In unfavorable cases radium should be used as an adjunct to surgical 
diathermy. In favorable cases radium may be used in the form of gold 
radon implants of 1.5 to 2 millicuries per cubic centimeter of tissue 
irradiating at least 0.5 centimeter beyond the margin. The element in 
the form of needles of 0.5 millimeter platinum wall to the extent of 
120 to 160 milligram hours per cubic centimeter may also be used. 
They may be tied together in pairs or sutured in place singly and 
spaced parallel to one another i cm. apart. Heavy irradiation of the 
lymphatic areas of the neck should be given (Figs, 26, 27, 28). A 
radium collar carrying 75 to 100 mg. of radium in six or eight tubes 
may be used. The screen may vary from 0.5 to 1.5 mm. of platinum, 
the distance may be 2.5 cm., and the total dosage may be 7,200 to 
12,000 mg. hr. 


Laryngeal Paralyses 

Various types of laryngeal paralyses due to a diversity of causes 
may be seen by the laryngologist. They manifest themselves by a 
change in the speaking voice that may vary from hoarseness to com- 
plete aphonia. Examination of the larynx may disclose a fixed immo- 
bile cord or one that can make only feeble, lazy attempts at motion. 
The left cord is most frequently involved and may be due to pres- 
sure upon the recurrent laryngeal nerve by aneurysm, mediastinal 
growths and lymphadenopathy, thyroid malignancy, or resection. Bi- 
lateral paralysis of the larynx is observed in bulbar disease and after 
thyroid surgery. Many paralyses are seen in which no definite cause 
can be found after thorough investigation. These cases are often 
manifestations of a peripheral neuritis of the laryngeal nerves. 

Functional or hysterica! paralysis is also seen. These cases have 
a characteristic bowed appearance of tbe vocal cords. In addition, 
corneal and pharyngeal anesthesia, as well as other hysterical stig- 
mas, may be present. 

treatment, of course, depends upon successfully ascertaining 
he cause and giving it adequate attention. Physical therapy may be 
of value in hysterical paralysis and paralysis due to neuritis. 

In the hysterical form of paralysis, the use of the spectacular high- 
requency current to energize one of the glowing vacuum tubes, ap- 
P led about the thyroid region, may be of some value. One may' also 
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use more or less painful faradic applications over the laryngeal region. 
Psychotherapy is very important in these types of cases and it should 
be borne in mind that many are resistant to treatment and that 
the services of a competent neuropsychiatrist may be necessary. 

In laryngeal paralysis that is due to a peripheral neuritis, the use 
of large doses of salicylates may be of benefit. Medical diathermy 
with the electrodes on either side of the neck has been used. Faradic 
and galvanic currents have also been employed, but the precise value 
of these measures is problematical. 



Fics. 26, 27, and 28 — \Va* cast sbowinc implantation of gold radon seeds into a car* 
cinoma of (he tongue. (Courtesy of Dr. A J. Larkin.) 
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Papillomas op Larynx 

This is frequently an affection of childhood, although by no means 
is it rare in adult life. It is characterized by hoarseness that may 
progress to complete aphonia; dyspnea may occur in the later stages. 
The examination of the larynx will disclose a soft papillary growth 
which by extension may progress until the entire larynx is filled, and 
even the subglottic space and trachea may be involved. The involve- 
ment of the trachea is prone to occur following tracheotomy per- 
formed for the relief of the dyspnea. The diagnosis, as a rule, is easy, 
although in adults biopsy may have to be resorted to in order to rule 
out malignancy. 

In the treatment one must bear in mind that papillomas of child- 
hood tend towards spontaneous cure by the time the youngster reaches 
puberty. Progressive hoarseness and dyspnea are indications for ex- 
posing the larynx with a laryngeal speculum and removing the neo- 
plasms. The base may then be clcctrocoaguhtcd with a fine current 
so adjusted as to produce a coagulation of only a fraction of a milli- 
meter. Following such a procedure one must watch carefully for the 
onset of a laryngeal edema. Diatkcnny does not always prevent 
recurrences. 

Radium has also been advocated for the treatment of papilloma 
of the larynx. It should never be applied In more than one-half a skin 
erythema dose, for fear of causing necrosis of the laryngeal cartilage. 
It may be utilized in doses of 400 mg. hr., using a 0.5 mm. platinum 
screen at a distance of 2.5 cm. for every two square inches of skin 
surface. Four to six such portais of entry about the larynx may be used 
and the irradiation may be repeated after an interval of two months. 
It has been stated that irradiation may reduce the groivth and prevent 
recurrence. We have never been able to observe the disappearance of 
the growth following irradiation. 

In most cases irradiation has little effect on the progress of the 
disease and eventually dyspnea may set in which will require a trache- 
otomy. It is well to warn the parents in advance that such a procedure 
may become necessary. In those cases in which the entire larynx is 
filled with the papillary mass, one may resort to the performance of 
a laryngofissure. The entire growth should then be removed and the 
base treated by electrocoagulation. The tracheotomy tube must then 
be put into place for several days. 

Papillomatous growths through a tracheotomic fistula may be re- 
moved and the base electrocoagtdated in a similar manner. 

Tuberculosis of Larynx 

This condition is seen, as a rule, as a secondary manifestation of 
a pulmonary lesion. The symptoms consist, in the main, of hoarseness 
associated with pain, especially upon swallowing. The larynx may 
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use more or less painful faradic appIicaUons over the laryngeal region. 
Psychotherapy is very important in these types of cases and it should 
be borne in mind that many are resistant to treatment and that 
the services of a competent neuropsychiatrist may be necessary. 

Jj3 laryngeal paralysis that is due to a peripheral neuritis, the use 
of large doses of salicylates may be of benefit. Medical diathermy 
with the electrodes on either side of the neck has been used. Faradic 
and galvanic currents have also been employed, but the precise value 
of these measures is problematical. 



Fjcs. 26, 27, and 28. — ^Wax cast showing implantaUon of gold radon seeds into a car- 
cinoma of the tongue. (Courtesy of Dr. A J. Larkin.) 
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control the doses. Rawness and irritability call for an immediate 
reduction of the time of exposure or even for a short discontinuance. 

The carbon arc and mercury quartz lamps may also be utilized 
in the treatment of laryngeal tuberculosis. It is preferable to expose 
the larynx directly with one of the various specula made for the pur- 
pose and then irradiate. The exposures should closely follow those 
advocated in the preceding paragraph. 



Fio. 29. — Solar lar>n80SCope in use for the treatment of lar>ngeal tuberculosis. 


X~ray therapy in tuberculous laryngitis has also been advocated, 
but the results in the authors’ limited experience have been so ques- 
tionable as to cause them to discontinue this method. 

The physical agent that has been a sheet anchor in the past and 
one from which a great deal of benefit may be derived is puncture 
with the galvanocautery. This should not be used in acute lesions of 
the larynx or in patients with a progr^ive fulminating pulmonary 
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show a varied picture. There may be present only a pale interaryten- 
oid swelling of a papillary nature. Other portions of the larynx 
may have a pale, edematous, infiltrated appearance upon which ulcera- 
tions and pale granulations may be found. The epiglottis may have a 
sausage-like shape and the vocal cords may be characteristically rat 
bitten. In the presence of pulmonary tuberculosis such symptoms are 
easy to diagnose. Syphilis and carcinoma may at times be difficult to 
exclude and may even coexist. The biopsy is necessary to complete 
the diagnosis. 

As with other conditions that are difficult to treat, a large number 
of remedies have been advocated. The pulmonary condition must re- 
ceive adequate attention by the chest expert. In fact, the use of lung 
collapse has effected a decided change in the prognosis of laryngeal 
tuberculosis. Bed rest, fresh air, wholesome food, and proper climatic 
conditions are important factors in the ultimate result. Local therapy 
is important. 

The larynx should be placed at rest by maintaining absolute silence, 
the patient depending upon the use of pencil and pad of paper. Later 
jvhispering may be permitted. Pain may be controlled by the use of 
orthoform or anesthesin lozenges before eating. Cocaine should never 
be used. Should the pain become severe or difficult to control, the supe- 
rior Jaiyngeal nerves should be injected with alcohol or even resected. 

Local medication to the larynx may be of help. Cbaulmoogra oil 
in a 20 per cent solution may be dropped into the larynx two or 
three times a week. If extensive ulcerations are present, it might be 
well to use lactic acid, starting with a strength of 2 per cent and 
gradually increasing it to 10 per cent. 

Physical measures occupy an important role in the treatment of 
■ laryngeal tuberculosis. Ultraviolet irradiation is of definite benefit, 
especially when associated with proper systemic care. One may use 
the quartz laryngeal applicators or the reflected sunlight. Heliotherapy 
may be utilized by employing the solar laryngoscope (Fig. 29), a 
device attached to the back of a chair that contains two mirrors 
placed upon a suitable support. One of the mirrors reflects the sun’s 
rays into the mouth; from there it is again reflected into the laiynx 
by means of a laryngeal mirror, held by the patient. The other mirror 
upon the support is used by the patient as a viewing mechanism that 
permits him properly to reflect the rays into the larynx. The newer 
modifications that use an alloy of aluminum and magnesium in the 
reflecting mirrors are to be preferred. This alloy absorbs a large 
amount of the heat rays and tends to reflect into the larynx a greater 
percentage of the actinic rays than the usual glass mirror. 

The larynx should be exposed, beginning wth one minute a day 
for a week. The irradiation is then gradually increased until ten- 
minute exposures are being given at the end of several weeks. The 
laryngologist should examine the larynx at appropriate intervals and 
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cartilage. A tracheotomy tube may be left in place to care for post- 
operative edema. The cutting current may also be used in the per- 
formance of a hemilaryngectomy or total laryngectomy, but it has 
little if any advantage over the cold knife, in our hands, at least. 

Radium and the x-ray have been repeatedly advocated. Our experi- 
ence wth irradiation has not been a very happy one, since not a 
single case subjected to such therapy has remained cured. Refinements 
in radium technic may in the future increase the value of this type 
of treatment. In consequence we have adopted the attitude of St. 
Clair Thompson, McKenty, and other laborers in this field, namely, 
that irradiation offers little hope for cure of carcinoma of the larynx 
as compared to early radical surgery. One may advocate the use of 
irradiation as a postoperative adjunct, but in the light of our present 
knowledge, our only hope for cure is in the radical extirpation of an 
early and intrinsic lesion. The loss of the speaking voice may be com- 
pensated for by the use of the bucco-esophageal \’oice or by the use 
of one of the artificial larynges. 

Peroral diathermic destruction of carcinoma of the cord, using one 
of the various means of direct e.xposure, has been advocated. Unfor- 
tunately fn several cases subglottic e.xtensions could not be follou'ed 
and we, as well as others, have been forced to abandon this method. 

Larynceal Stenosis 

This condition is most frequently found in children who have been 
ill wth diphtheria. The use of the intubation tube, high tracheotomy, 
and postdiphtheritic fibrosis all may have a great deal to do with its 
production. The symptoms in the main consist of hoarseness that may 
progress to aphonia and an increasing dyspnea and stridor. In the 
treatment of this condition various plastic operative procedures have 
been advocated. Recently physical therapy in the form of an electri- 
cally heated bougie has been utilized (Fig. 31). The bougies, which 
come in various sizes, may be inserted into the larynx and left in 
place for 15 to 20 min. The amount of heat and the temperature of 
the bougie are regulated by the use of a current control. Successively 
larger bougies are used in succeeding sessions. No anesthetic is re- 
quired, but the child should be securely wrapped in a blanket. Since 
the recorded experience with this method is small, its exact sphere of 
usefulness is, as yet, to be realized. 

Carcinoma of the Esophagus 

Cpcinoma of the esophagus occurs most frequently at the distal 
portion near the cardia and in the postcricoid region. The latter is more 
often seen in women than in men. Both squamous cell carcinomas and 
adenocarcinomas occur. The lesion presents itself most frequently as 
an endo-esophageal mass, but submucous and peri-esophageal growths 
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tuberculosis. It seenis lo serve best in those cases in which the pul« 
monary pathology is more or less indolent in character. 

The procedure is carried out under local anesthesia. The larynx 
may be cauterized by either the indirect or direct method. In the 
indirect method the patient is instructed to hold his tongue with a 
piece of gauze and the operator inserts a laryngeal mirror into the 
back of the pharynx, thus obtaining a good view of the larynx. The 
cautery point is then heated to a white glow and, under visual control, 
plunged into various areas of ulceration, edemas, or granulations. Not 
more than two or three punctures should be performed at one sitting. 
The arytenoid regions should be carefully avoided in order to prevent 
subsequent fixation of the cord. The cautery should not be repeated 
too often or within too short a period of time. 

In the direct method the larynx may be exposed by a Hasslinger 
or Jackson speculum or even a Lynch-KiUian suspension. By means 
of an elongated cautery point the larynx may be appropriately treated. 

We have recently used electrocoagulation (Fig. 30) in place of the 
galvanocautery^ but the number of cases is too few and the period of 
observation too short definitely to establish its w’orth. 



Fio. 30.— Elongated electcode tor diathermy of the pharynx and larynx. 


Carcinoma op Larynx 

This not uncommon disease is characterized by progressive hoarse- 
ness, occurring most frequently in men in the so-called cancer age. 
It is well to note that the lower limit of the cancer age is well below 
30 years. The lesion itself may have a varied appearance. It may 
be only a small pearly nodule located upon one of the cords, or it may 
have a polypoid or cauliflower appearance. Most laryngeal carcinomas 
are squamous cell in type and therefore are highly malignant. The 
diagnosis, as a rule, is not difficult, but frequently one must be able 
to distinguish syphilis or tuberculosis, which are often simulated. In 
many cases a biopsy is necessary in order to establish a diagnosis. 

The treatment of choice, in most hands, at least, is early and radical 
extirpation of the larynx. The situation of a laryngeal carcinoma 
within a cartilaginous box that is only sparsely supplied with lym- 
phatics offers a very good chance for cure. In the presence of small 
discrete lesions a laryngofissure or hemilaryngectomy may be con- 
sidered. In the performance of a laryngofissure one may utilize the 
tissue-cutting current for exposing the interior of the larynx and then 
use the coagulating current for the destruction of the neoplasm (Fig. 
30). The area of coagulation must extend well into the healthy struc- 
tures, but due care must be taken in regard to the underlying thyroid 
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PHYSICAL THERAPY IN THORACIC SURGERY 
Carl A. Hedblom, M.D., and Willard Van Hazel, M.D. 

Introduction 

Thoracic surgery is largely a development of the past three decades. 
Asepsis arid anesthesia were the prerequisites to the earlier rapid exten- 
sion of abdominal surgery. Amplification of diagnostic methods and 
practical means of preventing serious disturbance of respiration and 
circulation incident to operative pneumothorax were additional pre- 
requisites to a comparable development of thoracic surgery. These 
additional diagnostic requirements have been fulfilled in considerable 
measure by roentgenography — made even more valuable by the recent 
introduction of a nonirritating contrast media, by endoscopy, and by 
better correlation of findings so obtained ivith the results of animal 
experimentation, with pathologic studies and wth the clinical mani- 
festations of disease conditions. We have arrived at a better under- 
standing of the mechanisms of respiration. The adaptation of positive 
pressure pharyngeal or intratracheal anesthesia to its requirements has 
Ipgely obviated the disturbance of physiologic function during opera- 
tive pneumothorax. 

The diseased conditions of the thorax amenable to surgical treat- 
ment include infections, neoplasms and injuries of the pleurae, lungs, 
chest wall, heart, diaphragm and esophagus. Certain lesions are ameli- 
orated or cured by sectioning the sympathetic innervation through an 
mtrathoracic approach. Some types of thoracic deformities are partly 
corrected surgically. The transthoracic approach to subphrenic abscess 
is generally accepted. 

The most common surgical disease conditions of the thorax are 
pyogenic and tuberculous empyema, pulmonary abscess, bronchiectasis 
pulmonary tuberculosis. Extrathoracic and intrathoracic neo- 
plasms, both benign and malignant, may be amenable to surgical re- 
moval, especially in their early stages. 

Physicd therapy is a valuable adjunct to the surgical treatment of 
these diseases of the thorax. Incident to the recent growing interest in 
physical therapy in geneial, an increasing measure of attention has 
directed to its application in this field. 

The most useful physiotherapeutic methods include heliotherapy and 
}ts substitutes exemplified in the violet light; heat variously supplied, 
mduding diathermy and the infra-red light; radiotherapy, including 
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are not unknown. The symptoms are mainly those due to obstruction, 
namely, progressive dysphagia and regurgitation. X-ray examination 
with a barium meal contrast material will disclose more or less char- 
acteristic filling defects. Esophagoscq^ is of great aid in establishing 
the diagnosis, not only permitting visual it^pection, but also enabling 
one to obtain material for biopsy. 

The treatment to date is more or less hopeless. If the lesion is lo- 
cated in the cervical esophagus, external esophagectomy may be per- 
formed, with a subsequent plastic repair, if no recurrence is observed. 
The operation is best performed by electrothermic methods, utilizing 



Fic. 31.— Electrically heated bougie for treatment of srenewU of the larj-nx and esophagus- 


the cutting current for the dissection and then the coagulating current 
for the actual destruction of the growth. In other portions of the 
esophagus, one may utilize irradiation. Radon seeds may be implanted 
via the esophagoscope; or a capsule of radium may be tied to an end- 
less string after a gastrostomy has been performed, and accurately 
placed in position by visualization with the finoroscope. Deep x-ray 
therapy may also be used. One may relieve obstruction by the use of 
esophageal dilators, or by the use of electrocoagulation via the esopha- 
goscope, utilizing the elongated coagulating points or buttons. Ob- 
struction may also be treated by inserting a Soutar esophageal 
intubation tube. Failure of these various measure.^ will lead one to 
resort to the use of a permanent Rhefuss lube or to gastrostomy. 
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from 8 to 12, and during forced expiration from i to 2. Vital capacity 
is the greatest amount of air that can be exhaled after the deepest 
possible inhalation. In the adult male it is up to 6000 cc. 

Under normal conditions an equilibrium of pressure is established 
between the two pleural cavities by the normally mobile mediastinum. 
However, if one pleural cavity is opened widely, the lung on that side 
collapses in amount equal to its elasticity, since the intrabronchial 
atmospheric pressure is now opposed from without. It can be partly 
reinflated only by air forced into it from the other lung during expira- 
tion, while the glottis is voluntarily closed as during straining. The 
opposite lung cannot collapse away from its parietal pleura, but it is 
partly deflated by atmospheric pressure on the mobile mediastinum. 
The degree of mobility of the mediastinum varies in different indi- 
viduals. It may be so mobile and therefore bulge so far into the op- 
posite side as to reduce intrapleural pressure there to about atmos- 
pheric pressure, even during forced inspiration. Under such conditions 
no fresh air can enter this lung and asphy.xia results. 

Various factors influence the degree of actual respiratory embarrass- 
ment in the individual patient with a large opening in one chest wall. 
Chief among them are the size of the unobstructed opening, the degree 
of mediastinal mobility, and the reserve respiratory capacity. If the 
opening is smaller than the glottis, the resistance to air entering it is 
greater than to that entering the glottis. The amount of air entering 
the bronchi is then proportionate to the difference in resistance to 
air entering the two openings. If the opening in the chest wall is very 
large, resistance to air entering it is so slight that practically all the 
air will enter the pleural cavity during the inspiratory act. 

The mediastinum may be stiffened by a preceding inflammatory 
process, and there seems to be some degree of difference in its mobility 
in different individuals due to anatomic peculiarities. Under such con- 
ditions the degree of embarrassment of respiration is lessened in pro- 
portion to its stability. A chronic empyema usually stiffens it to such a 
degree that it does not bulge at all into the other pleural cavity. The 
respiratory function of the other lung is then unimpaired by the open 
pneumothorax. 


Since the amount of air that enters the lung is proportionate to the 
degree of fluctuation in the volume of the pleural cavities and incident 
fluctuation in intrapleural pressure, it follows that the more vigorous 
the action of the respiratory muscles, the greater the respiratory or 
vital capacity. 

, ^ normal healthy adult has a respiratory capacity about seven times 
that used during quiet breathing. He has therefore a large reserve 
through which he compensates for the handicap imposed by an opening 
in the chest wall of relatively moderate size. If the opening is very 
^rge and the mediastinum very mobile, the greatest degree of com- 
pensatory capacity fails to prevent asphyxia. On the other hand, if 
0 patient’s muscular power is greatly reduced from any cause such 
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the use oi the roentgen ray and radium; cautery, especially involving 
the precise application of the electric current; massage; active and 
passive motion, and the more simple mechanical devices such as splint- 
ing and corrective appliances for deformities. Special methods ap- 
plicable only to the thorax but involving mechanical principles are 
pneumothorax collapse of the lung, blowing and breathing exercises, 
posidve pressure anesthesia, positive pressure carbon dioxide inflation 
of the lung, and the respirometer of iSTinker. 

Physical therapy may be of great benefit, but, generally speaking, it 
will be an adjunct to, and not a substitute for, adequate surgical treat- 
ment. A patient with an arthritis due to an imperfectly drained 
chronic empyema or abscess will not be relieved of his arthritis by 
physical therapy of the affected joints. It is useful in rehabilitation 
after the cause of the process has been removed. Proper indications, 
relative evaluation in relation to other treatment, and correct dosage 
are of fundamental importance to the usefulness of any physiothera- 
peutic method. 

Since an understanding of the mechanism of respiration is essential 
to intelligent and rational surreal treatment of most of the diseases 
of the thorax, it may not be amiss to review briefly the anatomic and 
physical factors involved, particularly in the light of the fundamental 
contributions to this subject by Graham and Bell. 

The thoracic cage consists essentially of a bor^y framework with the 
intercostal muscles and diaphragm. It contains the lungs, separated by 
the mediastinum, which is made up for the most part of the heart and 
great vessels- The lungs in their relaxed state are of smaller volume 
than the respective pleural cavities. Since the outside of the lung is 
protected against atmospheric pressure by the rigid chest wall, the 
unopposed atmospheric pressure exerted from within the bronchi and 
alveoli stretches the elastic tissue composing them and so dilates the 
lung to the size of the pleural cavity. The degree of stretch of these 
tissues determines the degree of less than atmospheric pressure in the 
potential space between visceral and parietal pleura. During inspira- 
tion, which consists of a contraction of the diaphragm, external inter- 
costal and serratus anticus muscles, and during deep inspiration, by the 
accessory inspiratory mu.scles, the pleural cavities enlarge in volume 
and VO determine the amount of air inspired. The additional stretch of 
the elastic tissue of the lung, so produced, augments the degree of less 
than atmospheric pressure. Quiet expiration consists of simple relaxa- 
tion of the muscles of inspiration. Forced expiration, accomplished by 
contraction of the abdominal muscles forcing the relaxed diaphragm 
higher into the thorax, and by the contraction of the internal inter- 
co>tal muscles and of the accessory muscles of expiration, decreases 
the volume of the pleural carities and so of the lung in amount meas- 
ured by the expired air. In the adult the less than atmospheric pressure 
during quiet inspiration is from 4.5 to 9 mm. Hg, and during quiet 
expiration fro'^ 3 to 7.5 mm. Hg. During deep inspiration it measures 



Introduction 


Ctupter 25] q 
V olnme llj 


from 8 to 12, and during forced expiration from i to 2. Vital capacity 
is the greatest amount of air that can be exhaled after the deepest 
possible inhalation. In the adult male it is up to 6000 cc. 

Under normal conditions an equilibrium of pressure is established 
between the two pleural cavities by the normally mobile mediastinum. 
However, if one pleural cavity is opened widely, the lung on that side 
collapses in amount equal to its elasticity, since the intrabronchial 
atmospheric pressure is now opposed from without. It can be partly 
reinflated only by air forced into it from the other lung during expira- 
tion, while the glottis is voluntarily closed as during straining. The 
opposite lung cannot collapse away from its parietal pleura, but it is 
partly deflated by atmospheric pressure on the mobile mediastinum. 
The degree of mobility of the mediastinum varies in different indi- 
viduals. It may be so mobile and therefore bulge so far into the op- 
posite side as to reduce intrapleural pressure there to about atmos- 
pheric pressure, even during forced inspiration. Under such conditions 
no fresh air can enter this lung and asphyxia results. 

Various factors influence the degree of actual respiratory embarrass- 
ment in the individual patient with a large opening in one chest wall. 
Chief among them are the size of the unobstructed opening, the degree 
of mediastinal mobility, and the reserve respiratory capacity. If the 
opening is smaller than the glottis, the resistance to air entering it is 
greater than to that entering the glottis. The amount of air entering 
the bronchi is then proportionate to the difference in resistance to 
air entering the two openings. If the opening in the chest wall is very 
^arge, resistance to air entering it is so slight that practically all the 
air will enter the pleural cavity during the inspiratory act. 

The mediastinum may be stiffened by a preceding inflammatory 
process, and there seems to be some degree of difference in its mobility 
m different individuals due to anatomic peculiarities. Under such con- 
ditions the degree of embarrassment of respiration is lessened in pro- 
portion to its stability, A chronic empyema usually stiffens it to such a 
degree that it does not bulge at all into the other pleural cavity. The 
respiratory function of the other lung is then unimpaired by the open 
pneumothorax. 

Since the amount of air that enters the lung is proportionate to the 
degree of fluctuation in the volume of the pleural cavities and incident 
fluctuation in intrapleural pressure, it follows that the more vigorous 
the action of the respiratory muscles, the greater the respiratory or 
vital capacity. 

, healthy adult has a respiratory capacity about seven times 

hat used during quiet breathing. He has therefore a large reserve 

rough which he compensates for the handicap imposed by an opening 
m the chest wall of relatively moderate size. If the opening is very 
3 rge and the mediastinum very mobile, the greatest degree of com- 
pensatory capacity fails to prevent asphyxia. On the other hand, if 

® patient’s muscular power is greatly reduced from any cause such 
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as shock, enfeebling illness of any kind or old age, the respiratory 
capacity may be reduced to a small margin, and sudi a patient may 
not possess 'sufficient respiratory capacity to compensate for even a 
relatively small unobstructed opening in the chest wall. 

Other conditions influencing the vital capacity in adults are disease 
conditions that affect the gaseous exchange within the lung itself, such 
as pneumonia, chronic fibrosis, inflammatory and spastic narrowng of 
,the bronchi, and conditions affecting the respiratory function of the 
chest wall. Infants are born wth lungs nearly as large as the pleural 
cavities containing them. Their reserve vital capacity is therefore 
normally very low. 

Pressure chambers and the more recent kinds of gas-osygen anes- 
thesia apparatus' represent the application of physical therapy methods 
designed to ovdrpome. the bad effects of surgical pneumothorax. Pres- 
sure chambers: with negative and positive pressure were first made by 
Sauerbruch. Intratracheal insufflation followed this method — this b^ 
ing a positive pressure introduction of air- through a catheter previ- 
ously inserted into the trachea. With the extensive use of gaS'Oxygen 
anesthesia the problem of surgical pneumothorax has been met. The 
differential pressure apparatus used in ^ving gas-oxygen anesthesia 
provides the positive pressure when it is needed. Experience has shoNvn 
that the thorax may be opened widely in some cases without harmful 
effects on the respiration, nevertheless some patients do badly and, 
for such, this positive pressure equipment should always be available. 

The Lundy-Heidbrink and Mcdel G McKesson gas machines, with 
which a high positive pressure may be obtained, are examples of 
type now used. Practically all gas machines are constructed wuh 
safety devices against overinffalion. A device has been arranged by 
Dr. Amy Littig called a “bag pressure unit” consisting of a diaphragni, 
a gage and dial, adaptable to any machine. This records accurately 
and continuously the exact positive pressure in millimeters of mercury 
under which the gas is being forced into the lungs. During the closure 
of the thorax following operation the lung can be almost completely 
reinflaled. The pneumothorax apparatus may then be used to draw 
off the remaining air, thereby establishing negative tension approxi- 
mating (he normal. 

The artificial pneumothorax apparatus is a device for controlling 
intrapleural pressure. It consists of a manometer scaled in centimeters 
for pressure readings, and some arrangement for forcing mepured 
amounts of air or gas into the thorax through an ordinary aspirating 
needle. This is usually done by allowing water from one far to flow 
into another jar displacing the air in it, or the fluid may be forced over 
by means of a bulb such as that employed in taking blood pressure. 
The air is filtered through sterile cotton. The whole procedure mu^ 
be carried out under the most strict aseptic precautions. It is employed 
not only for introducing air or other gas into the pleural space for its 
therapeutic i i but 5so, by reversing the system, for wjthdraiving 
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air to reduce tension. The manometer only is often used merely to 
determine the intrapleural pressure (Fig, i). 

The acute thoracic conditions, with the exception of the traumatic, 
furnish only occasional indications for employment of physical agents. 
Splinting of the ribs is usually indicated for fracture, and this is easily 
done by the time-honored method of strapping with adhesive plaster. 
After the deepest possible inspiration followed by complete expiration, 
the adhesive is applied in the direction of the ribs from the vertebra 
to the costicartilaginous junction. Marked relief from pain results 
due to the inhibition of respiratory motion, and healing is probably 
promoted for the same reason. 



Fig. I.— Robinson's apparatus for artificial pneumothorax. The apparatus consists 
esMntially of two calibrated jars and a water manometer. The jars are connected by 
tubing so that water from one jar will flow to the other when the level of one is higher 
than the other, thereby displacing the air in the jar. The needle, which is inserted into 
the chest, is connected to the system by means of rubber tubing. By the use of stop- 
cocks, the manometer or the jars can be excluded from the system so that the manometer 
reaings or the introduction of air can be carried out independently as desired. Pressure 
readings on the manometer may be taken as often as necessary following the intro- 
duction of the air, recording accurately at all times the positive or negative tension 
By reversing the ordinary pneumothorax procedure, it is obvious that air can be 
withdrawn from the pleural cavity as easily as it can be introduced. 


Heat in some form relieves pain in traumatic cases. It may be 
furnished by a large electric light bulb with a reflector, by one of the 
^'^fp-'^ed ray apparatus, by an electric pad, or by a hot water bottle. 

Iraumatic pneumothorax is one of the conditions in which the intra- 
pi^eural pressure is affected. There must be an opening through the 
chest wall or into the lung for its development. An opening of short 
duration allowing only a small amount of air to enter the pleural space 
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calls for no interference. Occasionally a sucking or tension pneumo- 
thorax is produced. On inspiration, air is sucked into the pleural 
cavity, but because of a valve^Kke action of the opening, air does 
not escape on expiration. The result is an increasing positive pressure. 
Continuous ventilation of the pleural cavity through a needle or valve 
trocar may then be imperative. A wound causing open pneumothorax 
must be sutured or othenvise closed. Then by use of the pneumothorax 
apparatus a positive pressure can be reduced to atmospheric or less 
titan atmospheric by the withdratval of air. This brings relief of 
dyspnea, and the likelihood of later pleural or pulmonary complica- 
tions is reduced. 

In massive collapse or atelectasis due to retained bronchial secre- 
tions, suitable posture may bring relief. Tipping the patient over the 
side of the bed so that the broncWal secretions will tend to gravitate 
into the trachea may initiate improvement and ultimate recovery with- 
out complications. In a boy, aged 8, following appendectomy under 
gas-ether anesthesia, massive collapse occurred, proved by x-ray and 
physical findings. Posture, as described, was sufficient to bring about 
recovery in two days. Scrimger reports that partial pneumothorax of 
the affected side has proved helpful. Bronchoscopy* has been of value 
in some instances in removing the retained secretions. Bronchoscopy 
also is invaluable in removal of foreign bodies of both recent and 
longer duration. However it should be done only by one skilled in tlus 
instrumentation. 

Other acute conditions occur which are so closely interrelated with 
the chronic that they will be discussed together. 

Treatment of chronic conditions makes up a large proportion of the 
work of the thoracic surgeon. Chronic infections often have an ex- 
tremely debilitating effect upon the patient. This is especially true of 
empyema, hmg abscess, severe bronchiectasis and secondarily infected 
tuberculous empyema. In such cases vitality is reduced, and the vis- 
cera) dantage nraj' be far beyond what the general appearance may 
indicate. Some patients may present themselves with a loss of half the 
body weight, with painful arthritis, secondary anemia of an extreme 
grade, amyloidosis of the liver which may extend to the umbilicus, 
impaired renal function and myocarditis, fn these conditions physical 
therapy, supplementary to the more direct treatment, perhaps has not 
been given the recognition it disserves IVith heat, massage and radio- 
therapy a long convale'cencc at times can be shortened. Its greatest 
u^efulne-j'- i' a- a supplement to Other treatment. Rational use of 
phy-ital agent-i will extend their usefulness. 

Bronchiectasis 

is a dilatation of the bronchi with infection ^ving rise 
to ( ougb ;{n«i 'fMUum Jn the majorily of cases It affects the lower lobes. 
Thi-re i- .i stagnation of the purulent secretions raised periodically. 
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Postural draiiiasc often facilitates the evacuation of purulent secre- 
tions. Quincke first advised elevating the foot of the bed to promote 
drainage, and others have found this effective. Some patients find that 
bending over a chair or the side of the bed is more effective. It may 
be best to try various positions in order to find the one most suitable 
to the given patient (Fig. 2). Vomiting is not uncommon during a 
paroxysm of coughing whether or not posture is employed. For this 
reason the position should be assumed about an hour before mealtime 
and at bedtime. 



Fic. 2. — Showing posture assumed by patient with bilateral bronchiectasis. She found 
this more effective than other positions. Follow in> this postural drainage four times a 
day, she gained fourteen pounds in weight, and the amount of sputum decreased from 
8CW cc. a day to 150 cc. 


Artificial pneumothorax collapse in the treatment of bronchiectasis 
has yielded fair results. Its success is conditional on the absence of ad- 
hesions of the pleurae and the continuance of refills for months. It 
has been found most useful in the early stages of the disease. Pul- 
nionary collapse by artificial pneumothorax is described more com- 
pletely under Tuberculosis. 

Measures to better the general condition of the patient should not be 
Overlooked. Warm weather and sunshine are of benefit. Direct sunlight, 
Jvhen available, or artificial light is best employed over the entire 
body. It should be carried out as recommended by Rollier (see 
Vol. III). 
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Cautery pncumectomy has been employed with benefit. However, the 
cases of bronchiectasis where this Is indicated border on the abscess 
type. Therefore in those cases, cautery is used as described under 
Lung Abscess. 

Lung Abscess 

Lung abscess is a form of pulmonary suppuration. The treatment 
varies according to the duration, site of the lesion and condition of the 
patient. The physical agents that have proved most useful are cautery, 
bronchoscopy, postural drainage, sunlight and exercises. 

The patient with acute lung abscess should be given postural drain- 
age as the first method of treatment. It is beneficial in that it lessens 
toxic absorption and in some cases has led to a cure. If the condition 
of the patient warrants it, the head should be lowered so that gravity 
may cause evacuation of the pus at least three or four times a day. 
There is no definite position which has seemed to be applicable to 
all patients. Therefore if one position fails to promote drainage, other 
positions should be tried before the method is abandoned. 

Bronchoscopy is employed in selected cases with gratifying results. 
This form of treatment is most successful in the early cases of abscess 
located centrally. Its use has been adequately described by Jackson 
and his co-workers. 

The chronic abscess of the lung is the type most often seen by the 
surgeon. 

Postural treatment, as previously mentioned, may be used in the 
chronic case, particularly where there exist symptoms of toxic absorp- 
tion, merely as an aid In keeping the cavity as nearly empty as 
possible. 

Pneumothorax collapse is effective in cases in which the abscess lies 
close to a large bronchus, which means that it is centrally situated. 
The collapse is achieved by frequent refills of air. If adhesions are 
present preventing collapse, this method is contraindicated lest the 
lung be torn and the abscess drain into the pleural cavity, which vfill 
lead to a complicating empyema of the most serious type (Fig. 3)- 
Furthermore, if sufficient relief is not obtained by good compression, 
the air should be aspirated and the abscess drained. A pleural effusion 
with secondary infection is a frequent complication of therapeutic 
pneumothorax for abscess. 

Of all the physical agents, cautery offers most to the patient wth 
lung abscess. Surgical drainage is necessary for a cure in the majority 
of cases. The procedure for drainage will be briefly described. The 
abscess having been localized by physical findings and roentgenograms, 
an appropriate incision is made down to the ribs. A rib may then be 
resected and the periosteal bed exposed, or, preferably, the inter- 
costal muscles can be divided between the ribs doivn to the endo- 
thoracic fascia. This is done to determine the presence of adhesions. 
If none are present, a pack may be inserted and the rvound closed 
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for one or two weeks. If drainage is more urgent, a larger window 
may be made and the lung sutured to the chest wall. With adhesions 
established, the aspirating needle and syringe are used to locate the 
abscess. The head of the operating table is lowered to prevent cerebral 
air embolism from an open vein. Cautery incision, by sealing off the 
veins which sometimes stand open in the fibrotic lung, prevents such 
an accident. It also controls bleeding. Either the actual cautery may be 



Fig. 3 —Roentgenogram of the chest of a patient with lung abscess treated elsewhere 
y artificial pneumothorax, illustrating the ineffectiveness of this method of treatment 
ue to peripheral adhesions. The abscess was drained surgicallv 'vith complete recovery. 
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used or some form of the coagulation current. Such simple drainage 
is sufficient to bring about a healing of single cavities. Surrounding 
pneumonitis, multiple abscess caWties or associated bronchiectasis in 
chronic cases requires further measures. It is in this type that cautery 
has been extremely useful (Fig. 4). Graham, first writing on pneu- 
mectomy with the cautery, recommended the use of an ordinary solder- 
ing iron at red heat over a relatively large area superficially rather 
than deep into the lung. Repealed cauterizations are safer and better 
tolerated. He claims that hemorrhage may be controlled by packing 
and that it is not common after the slough separates. However, every 
precaution should be taken toward its prevention and prompt control. 



Fic. 4.— llluitralioP of clninage uound of bronchitcUtic abscess. Several bronchial 
fistulas art evident T’.c entire surface shows epithelization due to an oulsrowth of tbc 
broochial epithelium 
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The more recent introduction of the clectrosurgical units allows the 
use of the coagulalion current. This is a somewhat slower procedure 
than the actual cautery but there is less likelihood of hemorrhage. 
The cutting current is hazardous in that it burns so quickly that the 
depth to which it penetrates may be misjudged, and this may lead 
to serious consequences. Recently a highly virulent abscess which was 
draining inadequately was cauterized by introducing the needle of the 
coagulation current into the surrounding lung in all directions. The 
patient’s general condition responded with surprising promptness, the 
wound quickly became cleaner, and the amount of drainage decreased 



Flo, 5. — Same case as Figure 4, following cautery by use of the electrocoagulation 
The bands ha\e been severed, con\erting a multilocular cavity into a single 
P®- Tbe epithelium has been destroyed, allouing granulation tissue to form and 
catneial contraction to take place. 
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markedly. In establishing drainage the electrocoagulation current 
cautery is a distinct advancement. The incidence of complications is 
decreased by its use. 

One or more bronchial fistulas* may persist after the abscess has 
healed. Some close spontaneously, but others may persist because of 
the lipping of the bronchia! epithelium; This condition can be dealt 
with most effectively by the repealed use of the coagulation current 
cautery (Fig. 5) or 20 per cent silver nitrate solution to destroy the 
epithelium. The resulting granulations gradually lead to fibrosis and 
cicatricial closure. 

During convalescence heliotherapy stimulates the appetite and pro- 
n^otes general improvement. Locally it is effective in reducing the 
amount of drainage. Flick has employed direct sunlight on the drain- 
ing wounds and believes the secretions are diminished thereby. Graham 
and Singer regard heliotherapy as an important aid in the healing of an 
abscess cavity’. They believe that the sunlight and ventilation reduce 
anaerobic organisms and putrefaction. They advise that the body be 
gradually exposed, including the wound, for a period of one to two 
hours daily. Coulter chooses to alternate the quartz lamp with the 
carbon arc. He starts the former at one minute on the first day, 
gradually increasing up to 15 minutes or longer. Elsewhere in this 
system (Vol. HI) Rollier has carefully outlined his technic. 

Recently a child three years of age, following drainage of two 
abscesses of the lung, was transfused three times and given artificial 
sunlight treatment. In six weeks her weight had increased from 19 to 
30 pounds — over one-third of the body weight. 

Pulmonary Tuberculosis 

Certain types of pulmonary tuberculosis are amenable to surgical 
trealmenl. Rest still remains the basic prindple in the tieatment. 
Surgery is a means of increasing the amount of rest of the lung. Some 
of the physical means employed, such as artificial pneumothorax, 
cauterization of adhesions, and splinting the chest wall are directed 
toward the same end. 

Artificial pneumothorax has been of tremendous value in the treat- 
ment of selected cases of tuberculosis. Forlanini is given credit for its 
first practical application in 1888. It should be administered only by 
those who have a thorough knowledge of pulmonary tuberculosis. 
Unless the indications for its use are present and unless it is correctly 
used, more harm than good is likely to follow. The indications for 
its employment and the technical details hardly come within the scope 
of this paper. As stated, artificial pneumothorax consists of the intro- 
duction of air or gas into the pleural cavity, thereby allowing the lung 
to collapse. Nitrogen gas was formerly used but now filtered air 
largely taken its place. The patient lies on the sound side and the skm 
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is prepared by painting it with an antiseptic. The back, axilla or front 
of the chest may be the site of election according to the pathology 
present. The first instillation of air requires special care to prevent 
injury to the lung if adherent. A free pleural space is shown by fluc- 
tuation of the manometer. The normal reading on inspiration is about 
—6 to — 10 cm. of water, oscillating on expiration to, — 3 to -r-7 cm. 
The readings should be taken after a small amount of air has been 
allowed to enter the pleural space. If the pressure has changed mark- 
edly it must be assumed that the needle is in a small pocket which 
the air has quickly filled. In the average case 250 to 400 cc, can safely 
be given. In a case of hemorrhage more may be advisable. Refills 
should be carried out each day for about three days, then every two 
days, then twice a week, and finally once a week or ev'ery two weeks. 
Thus a complete collapse may be obtained, or if adhesions are present 
they may allow only a partial collapse. Occasionally filmy adhesions 
may be broken by slightly increased pressure, but this is often not 
effective and furthermore is not without danger of tearing the lung, 
which might result in serious complications. Therefore if attempted 
it should be done with the utmost caution. High positive pressures 
should be avoided. The amount of collapse should be carefully ascer- 
tained by use of the fluoroscopc and roentgenograms. 

^ Therapeutic pneumothorax, like most good methods, has certain 
limitations. Adhesions may prevent its use. In 1913, Jacobaeus intro- 
duced intrapleural pneumolysis as a method whereby in certain cases 
with adhesions a complete collapse could be secured by severing the 
bands holding the lung out. By means of a trocar and cannula intro- 
duced under local anesthesia, a thoracoscope can be inserted into the 
pneumothorax cavity and the field observed as the walls of the urinarj' 
bladder are observed by the cystoscopist. In favorable cases a cautery 
electrode is introduced and under visual guidance, made possible by the 
thoracoscope, the adhesion is severed. The thoracoscope is usually 
introduced in the interscapular space or below the angle of the scapula, 
and the cautery in the midaxillary line or more anteriorly. However 
the position is usually determined by the pathology present. Galvano- 
cautery at a dull red heat was used by Jacobaeus, but Matson after 
using the electrocoagulation current believes it will supplant the former 
because of its sealing and coagulating effects on the tissues, thus lessen- 
ing the dangers of hemorrhage. He further states that particularly 
when burning close to the parietal pleura, which is the safest, the heat 
of the high-frequency current is decidedly less painful. Serous effusion, 
empyema and hemorrhage have been the most frequent complications. 

Follo\ving the cauterization, the pneumothorax is left at atmospheric 
pressure; a negative pressure would favor bleeding; a positive pressure 
roight cause embolism if the lung had been injured and a vein opened, 
^ough should be controlled. Later, according to Matson, carbon diox- 
be introduced in order to collapse the cavity, and this 
should be done slowly to allow evacuation of the cavity contents. 
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Carbon dioxide is used so that if embolism occurs from it, it will 
quickly be absorbed into the blood stream. Archibald prefers open 
thoracotomy for severing adhesions. 

Extrapleural thoracoplasty must be resorted to where collapse is 
indicated and pneumothorax and pneumolysis are not effective. By 
means of a several-stage operation the posterior segments of the first to 
eleventh ribs may be resected, affording in most cases a good collapse 
of the lung and allowing fibrosis and healing to take place. Sometimes 
where the disease is localized, a partial posterior resection is sufficient 
to give a good result. 



■ .splint applied to patient following posterior thoracoplasty for pul- 

‘luwfion- It gives support to the side until xegenera- 
^ If also may give some additional collapse in some cases, 

tic. 7 .— Antenor view of patient in Figure 6. 


Posture blowing the operation may increase the collapse of the 
chest wall. By lying on the operated side the weight of the body helps 
o comf^ess the soft tissues mobilized by the operation. Occasionally, 
w ere the mediastinum is not fixed, there may be a certain amount of 
par^oxical respiration, in which case the same position is invaluable 
in that the weight of the heart splints the mediastinum. Strapping 
\i adhesive may also be worth while in that it stabilizes the 

chest wall. 

Following completion of the operation, a splint such as that used in 
ana oria may be employed (Figs. 6, 7). It consists of a broad fabric or 
if ^ j which fits under the arm and is fastened about the opposite 
thigh and shoulder girdle. It can be tightened and perhaps increases 
if*!^ ''u it also has a very decided supporting-effect 

while the ribs regenerate. It must not limit respiration on the sound 

A spirometer is an apparatus to determine the vital capacity of the 
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patient (Fig. 8). This test is useful prior to thoracoplasty. The normal 
capacity in man is between 3000 and 6000 cc., being a measure of the 
greatest amount of air exhaled after the deepest inspiration. In tuber- 
culosis this may be much reduced. Normally we have from four to 



seven times as much capacity as is needed for quiet breathing, but if 
the reserve respiratory capacity is greatly decreased its further reduc- 
tion by thoracoplasty is contraindicated. 


Empyema 

Empyema is an accumulation of pus in the pleural cavity. It follows 
pneumonia, influenza and trauma or may complicate pulmonary tuber- 
culosis. Tuberculous empyema presents a different problem from the 
pyogenic type and therefore will be discussed separately. 
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Acute empyema is usually a complication of a sudden severe illness 
which has left the patient in a weak condition. The added strain of 
a new infecUon, with its attendant fever and other manifestations oi 
toxic absorption, may reduce him to a critical condition. The funda- 
mental principle o! treatment is ''vacuation of the pus. In small 
children and occasionally adults, repeated aspiration has resulted in 
recovery. However, two methods, the closed and open, are the ac- 
cepted methods of treatment. In the closed method the pus is evacu- 
ated by the introduction of a catheter into the pleural cavity by means 
of a trocar and cannula inserted through an intercostal space and 
suitably fixed in place; in the open method, by the resection of a seg- 



Fiu. g. — Illustriuon of a McElroy syringe, the bantl being used as a funnel in ^ 
of acute empyema treated by the dosed method. The irrigating solution is allowed to 
dow into the emp>ema ca%ity by grasity, thereby avoiding overdistention. 
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ment of one or more ribs and providing wide-open drainage. In the 
case of the critically ill patient and in the acute stage of the strepto- 
coccic type of empyema which is seen following epidemic influenza, 
there remains no choice as to type of operation. The closed method 
here is mandatory in that it is a much less formidable operation than 
resection of a rib, and furthermore it provides against the reduction 
of the vital capacity in those patients where the mediastinum is not 
fixed. During the epidemic of 1918, postinfluenzal empyemas showed 
a very high mortality, partly due to the virulence of the organism, 
but likewise to the open pneumothorax created by resection of one 
or more ribs, resulting in a collapse of the lung and often a shifting 



of piston has been introduced into the barrel. By a back-and-forth motion 

piston the pus is mixed wth the irrigatiii" solution and then remosed. This pro- 
ure IS continued until the washings ate dear. The tube is clamped between irrigations 
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of the mobile mediastinum, and leading to marked impairment of the 
respiratory capacity. The more general adoption of the closed method 
of treatment in ordinary cases has been followed by improved results. 

Adequate drainage must be maintained ail of the time. For this pur- 
pose numerous methods have been devised. The more simple the pro- 
cedure, the more universally applicable it is to all cases, providing it 
fulfils two cardinal principles — namely, adequate drainage and restora- 
tion of function to the partially collapsed lung. 

A McElroy syringe, such as illustrated in Figure 9, serves very 
well for aspirating the pus and for irrigating the cavity. The barrel 
may be used -as a' funnel, and the irrigating solution, preferably 
Dakin’s, where no bronchial fistula exists is allowed to flow into the 
cavity by gravity, thereby avoiding too great amount of pressure. 
The solution is thoroughly mixed with the pus by a back-and-forth 
motion of the syringe, and each time more solution is removed than 
introduced (Fig. 10). This causes a gradual reexpansion of the lung. 
The Dakin’s solution also is an excellent solvent for removing the 
fibrinous exudate from the walls of the pleurae, thereby reducing to a 
minimum the thickening of the same and fibrosis of the underlying 
lung. In ordinary cases this procedure is carried out every two hours 
during the day. Where the toxicity is great, it is advisable to increase 
the frequency of irrigations during the day and also to irrigate several 
times during the night. 

Some prefer to use continuous suction. By means of several bottles 
at different levels a solution can be allowed to flow into the pleural 
cavity, and by siphonage it is continuously withdrawn. Buelau, Perthes 
and Morrelli have described different types of apparatus for this pur- 
pose. Some prefer open drainage. It involves resection of segments 
of one or two ribs and the insertion of tubes. It calls for no physical 
agents to facilitate drainage. 

Adequate drainage having been established, the next step is to 
restore function of a partially collapsed lung. Whatever method is 
used to bring about drainage, reexpansion of the lung can be hastened 
by the same means. 

Blow bottles, or Wolff bottles, are of distinct advantage (Fig. n)- 
By blowing water from one bottle to the other the lungs are inflated to 
their capacity; which promotes obliteration of the cavity. Children may 
find balloons or horns more to their liking, or the water may be colored 
in the bottles, creating a greater interest. Other physical agents are 
usually unnecessary in acute cases. 

Chronic empyema, however, presents a different problem. Chronicity 
is due in the majority of cases to inadequate drainage, but other causes 
are bronchial fistula, foreign bodies, tuberculosis and osteomyelitis of 
the rib. Here again drainage must be established by one of the methods 
described under the acute condition. Likewise, the blowing exercises 
should be employed in order to restore as much function as possible. 
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Empyema with Bronchial Fistula. — Bronchial fistula not infre- 
quently is the cause of chronicily. Some bronchial fistulas close when 
adequate drainage is established; others do not, and such fistulas are 
the underlying cause of failure to obliterate the cavity. Cauterization 
with the coagulation current is both effective and safe in promoting its 
closure. It destroys the bronchial epithelium lipping the opening and 
leads to granulation and scar tissue contraction. This' type of current 
is safer than silver nitrate stick in that secondary hemorrhage is less 



. ii.— WolS bottlu. The \«atcr is blown from one into the other, thuj 

increasing intrabronchial pressure which lenrlj to aiil in expansion of the lun*. It i» hy 
reexpan-joa of the lung that the empyema cavity is ohhtcratccl. 

likely following its use. Repeated cauterizations may be necessary to 
bring about closure, which shrtuld not be attempted if there is any 
evidence that the bronchus is draining a pulmonary suppurative 
process. 

Atrophy of the muscles and arthritis arc often observetJ in chronic 
empyei^. Massage can be used Uf bring about better muscle Ume until 
me patient’s condition warrants active exercise. With the focus of in- 
fection gradually diminishing through drainage, the joints should ah/) 
recei%-e manage as suggcsterl i/y Mock for rheurnatr^id conditions fsce 
Vol. II;, 

Proper exercises are mfUcatert where there is limitation of motion 
or function. 

Heliotherapy may f/j a/fyarit;igcoin for the patient barrel from sun- 
light and fresh air f/y a prolongerl critical illness. 
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Tuberculous Empyema. — ^Tuberculous empyema without secondary 
pyogenic infection is not amenable to the principles which guide the 
treatment of the pyogenic type. A tuberculous empyema may exist as 
a primary lesion; that is, a tuberculous pleuritis may be present with 
no demonstrable pathology in the underlying lung. The culture and 
smear show no organisms with the exception that sometimes the tuber- 
cle bacillus maybe demonstrated. In some patients, when no pressure 
symptoms arise, the pus may be left undisturbed for a time; in others, 
oleothorax is used wth varying success. Aspiration of the pus with 
replacement with air by use of the pneumothorax apparatus may be 
highly beneficial. This is especially true where toxic absorption is 
evident. The pressure is usually left at about that of the atmosphere. 
Reexpansion of the lung is desirable here, and this is gradually brought 
about through absorption of the air. Forced expansion throu^ the use 
of blowing bottles or similar devices is not desirable. 

Tuberculous empyema, however, not infrequently complicates a 
clinically evident pulmonary tuberculosis. The underlying lung may 
present physical findings suggestive of the disease, or the roentgeno- 
gram may show cavities or evidence of tuberculosis where the empyema 
is not massive enough to obscure the entire lung field. If both ate 
masked the history may determine the presence of lung involvement. 
If the pus shows no pyogenic organisms, the purulent effusion may be 
undisturbed for a time at least. It compresses the underlying diseased 
lung which may lead to considerable improvement. However,^ aspira- 
tion with replacement by air may be still more beneficial. It is abso- 
lutely essential in this type, however, to continue the partial or com- 
plete collapsetcOf ^the lung, as the case may be, in order to insure 
permanent healiilg‘‘of the lung. Reexpansion of the lung before the 
lesion is healed is contraindicated. A thoracoplasty may be the only 
means of curing persiste.nf-'. tuberculous empyema wlh puJmonary 
involvement. ‘ 

Tuberculous empyema assumes a different status when pyogenic 
organisms complicate it. If the infection is extremely mild, aspirations 
occasionally control the toxic absorption. Where a major surgical pro- 
cedure is not contraindicated a thoracoplasty is advisable. Usually the 
infection demands drainage by the closed or open method, followed 
later by extrapleural thoracoplasty. Here again the condition of the 
underlying lung is the criterion on which the treatment is based. With 
extensive pulmonary involvement, no procedure to promote reexpan- 
sion of the lung should be employed. 

Carcinoma op the Lukg 

Raditt7n is palliative in carcinoma of the lung. Where the tumor is 
situated in the periphery of the lung it can be reached by thoracotomy. 
Radon implants can be distributed through the mass. Three paUents 
with pain as the most pronounced symptom -were markedly relieved 
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for months by such treatment. One, a farmer, took a new interest in 
his work for eight months after its use,vthough he had not been able 
to work for a year previous to this time. Another, a woman, who 
had large amounts of pleural fluid necessitating repeated aspirations, 
required but one aspiration during the succeeding six months that she 
survived. She was much more comfortable possibly because of the 
absence of fluid. Still another, with severe pain in the arm due to pres- 
sure on the brachial plexus, was afforded relief until his death eight 
months later. Some of this relief may have been due to the resection 
of a segment of rib. However, with the slow growth of the tumor, 
the recurrent pain was not as severe as prior to the implantation of 
the radon seeds. In our experience no untoward effects or complica- 
tions have followed its use. 

Drinker Respirator and the Pulmotor 

The Drinker respirator and the pulmotor should be mentioned as 
physical agents invaluable in cases of interrupted respiration. In the 
respiratory muscles, ascending paralysis of poliomyelitis, in drowning 
and carbon monoxide poisoning they have been of utmost value. Un- 
doubtedly wider application will be found for the Drinker apparatus. 
The descriptions and more comnlete details of the uses of these devices 
appear in Volume I c 




